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ABSTRACT  
   
The construction industry faces important performance problems such as low 
productivity, poor quality of work, and work-related accidents and injuries. Creating a 
high reliability work system that is simultaneously highly productive and exceptionally 
safe has become a challenge for construction practitioners and scholars. 
The main goal of this dissertation was to create an understanding of high 
reliability construction work systems based on lessons from the production practices of 
high performance work crews. High performance work crews are defined as the work 
crews that constantly reach and maintain a high level of productivity and exceptional 
safety record while delivering high quality of work. This study was conceptualized on 
findings from High Reliability Organizations and with a primary focus on lean 
construction, human factors, safety, and error management. Toward the research 
objective, this dissertation answered two major questions. First, it explored the task 
factors and project attributes that shape and increase workers’ task demands and 
consequently affect workers’ safety, production, and quality performance. Second, it 
explored and investigated the production practices of construction field supervisors 
(foremen) to understand how successful supervisors regulate task and project demands to 
create a highly reliable work process.   
Employing case study methodology, this study explored and analyzed the work 
practices of six work crews and crew supervisors in different trades including concrete, 
masonry, and hot asphalt roofing construction. The case studies included one exceptional 
and one average performing crew from each trade. Four major factors were considered in 
the selection of exceptional crew supervisors: (1) safety performance, (2) production 
performance, (3) quality performance, and (4) the level of project difficulty they 
supervised. The data collection was carried out in three phases including: (1) interview 
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with field supervisors to understand their production practices, (2) survey and interview 
with workers to understand their perception and to identify the major sources of task 
demands, and (3) several close field observations. Each trade’s specific findings 
including task demands, project attributes, and production practices used by crew 
supervisors are presented in a separate chapter. At the end the production practices that 
converged to create high reliability work systems are summarized and presented in nine 
major categories.  
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Chapter 1 
INTRODUCTION 
The construction industry faces important performance problems such as low 
productivity, poor quality of work, and work-related accidents and injuries. Although 
compared to other sectors construction has smaller performance issues, the high 
frequency of occurrence causes significant impacts.   
Researchers have found that rework, as a result of workers’ omissions and errors, 
significantly affects the project outcome due to the time and cost overruns. Josephson and 
Hammerlund (1999) reported that in the residential, industrial, and commercial building 
projects, the loss due to rework accounts for about 2-6% of the total contract value. The 
loss of heavy civil projects is even larger with an average 12.4% of the total contract 
value (Burati et al., 1992).  
According to the Bureau of Labor Statistics (BLS) (2009), the construction 
industry with 157.8 injuries per 10,000 equivalent full-time workers and 9.9 fatalities per 
100,000 full-time workers is considered as one of the high-risk industries. In 2009, the 
construction industry with 19.5% of all fatality cases had the largest number of work-
related fatalities in the nation (BLS, 2010).  The annual cost of injuries and illnesses of 
construction workers has been estimated to be about $12.7 billion dollars (Friedman & 
Forest, 2009). According to the Occupational Safety and Health Administration (OSHA), 
the average cost of a work-related fatality is $910,000, an injury with workday lost is 
$28,000, and an injury without workday lost is $7,000.  
Although the current production and safety practices have significantly 
contributed to the performance of construction work crews, the above statistics reveal the 
amount of loss is still significant. Thus, the question remains: “How can we create a 
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highly reliable work system that is simultaneously highly productive and exceptionally 
safe while it delivers high quality of work?”  
CONSTRUCTION INDUSTRY CHALLENGES 
Construction work crews typically face three major challenges throughout the life 
of a project. First, they experience high production pressure to meet project deadlines. 
This is a result of tight project schedule. Second, they are expected to deliver high quality 
of work with minimum errors and consequent rework. Third, the work crews constantly 
face high-risk work situations during their task performance. The high-risk situations are 
a result of working in hazardous work environments such as working in proximity of 
power lines, deep trenches, etc. or working in areas with extreme climatic condition that 
affect workers’ wellness and consequently their performance. From an ergonomics 
perspective, the high-risk situations can be also attributed to performing repetitive-heavy 
construction tasks. Some examples of high-risk activities are handling heavy items, 
laying heavy materials repetitively, or operating power tools such as power saw, grinders, 
etc.  
Sometimes work crews experience one or a combination of the challenging work 
situations at the same time. In order to overcome such situations, the crew supervisors 
may come up with different solutions. However, when more than one situation exist the 
field supervisors would be challenged with some trade-offs such as productivity-quality 
trade-off or productivity-safety trade-off. Deciding in the favor of one situation may 
affect the performance from the other end.  
Solutions & Trade-Offs 
Schedule pressure is considered an important factor that increases the likelihood 
of accidents.  Hinze and Parker (1978) found that production pressures and crew 
competition are related to more injuries, and suggested that job practices are more 
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important than safety policies in preventing accidents.  The negative effects of schedule 
pressure include: working out of sequence due to omissions, generating work defects due 
to lack of attention, cutting corners to accelerate the work pace, and losing the motivation 
to work due to exhaustion (Nepal et al., 2006). Safety research has recognized that 
production pressures can create work overload (Karasek & Theorell, 1990; Parker & 
Sprigg, 1999). Excessive demands overwhelm the resources available to meet demands 
and harm job performance (Bakker et al., 2005, Brown et al., 2005).  Furthermore, 
production pressures can arise from unclear or conflicting messages from management 
that generate role ambiguity, which in turn reduces work performance and weakens 
safety (Hemingway & Smith, 1999).  
Overtime or extended work schedule is typically a consequence of production 
pressures and has been related to reduced productivity and increased accidents (Hanna et 
al., 2005).  Shift work has also been found to have a significant effect on fatigue. To 
minimize the production delays and catch up with project schedule some companies may 
use night crews as a supporting resource for the day crews. Folkard & Tucker (2003) 
found strong evidence that both productivity and safety may be compromised at night.  A 
review of the research on piece rates has found that in most situations, piece rates have a 
negative effect on safety (Johansson et al., 2010).   
Schedule acceleration typically increases production cost, as indicated by the 
“Time-Cost Trade-Off” concept.  This can be due to an increased portion of non-
productive time (e.g., due to congestion), reduced fruitfulness of the productive time 
(e.g., due to fatigue), and/or higher cost of labor (e.g., due to overtime rates).  Howell et 
al. (2001) indicated that the Time-Cost Trade-off can be mitigated by increasing the 
reliability of the production process.  Lean construction practices, specifically the Last 
Planner System (LPS) emphasize the reliability of workflow in order to reduce waste and 
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increase speed (Ballard & Howell, 1998).   In the LPS system, the primary means for 
achieving reliability is securing the directives (design, submittals, and authorizations) and 
resources (material, equipment, manpower) for the work assignments (Ballard & Howell, 
1998).   
The above discussions highlight that the challenge for construction researchers 
and practitioners is to develop work systems that are simultaneously highly productive 
and highly reliable and can function effectively and safely in the dynamic, complex and 
competitive conditions that construction projects face.  
HIGH RELIABILITY WORK SYSTEMS 
In contrast to the construction industry, other high-risk sectors such as aviation, 
emergency healthcare, etc. have created highly reliable work systems to minimize or 
completely eliminate the likelihood of errors and the consequent losses. Organizations 
can become reliable and avoid systems accidents by creating appropriate behaviors and 
attitudes (Leveson et al., 2009). The term High Reliability Organizations (HROs) has 
been used in organizational research to describe organizations such as aircraft carriers, 
nuclear power plants and wild-land firefighting crews who function reliably under very 
uncertain and hazardous environments (Baker et al., 2006). In other words, HROs are 
the organizations that constantly achieve and maintain a high level of productivity, 
deliver high quality work, while they are exceptionally safe.  
Levenson et al. (2009) summarized the characteristics of HROs as: 1) technical 
expertise, 2) stable technical process, 3) a high priority placed on safety, 4) attention to 
problems, and 5) learning orientation. Leveson et al. (2009) defined reliability as the 
probability that a component satisfies its specified behavioral requirements over time and 
under conditions while safety is freedom from unacceptable losses (accidents). They 
further argued that safety and reliability are not equivalent, in fact, they often conflict; 
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increasing system reliability may decrease system safety and vice-versa. They believed 
that achieving all goals in a reliable manner is impossible and other goals may be missed. 
According to this discussion, the challenge is how a system can reach the optimum point 
of safety versus reliability. 
 Sullivan & Beach (2009) discussed that organizations that reliably manage 
complex systems maintain a balance between those factors that represents a threat to the 
system and those that mitigate them. They further discussed that operational reliability is 
maintained through making balance between five factors as: 1) expectations, 2) risk 
factors, 3) resources, 4) competent factors, and 5) consequences. When in a system the 
weight of capability is sufficient to counteract the weight of risk, the scale remains in 
balance, and the organization continues to operate reliably. In contrast, if the weight of 
risk exceeds the capability of the system, the scale will become unbalanced and will 
result in a system failure (Sullivan & Beach, 2009). This is in agreement with 
Mitropoulos et al. (2009) statement that construction accidents are a result of loss of 
control when task demand exceeds capability.  
Error Management Systems 
In order to minimize or eliminate the likelihood of errors and effectively manage 
the impact of errors when they occur, beyond technical trainings, HROs have focused on 
team processes and human factors. The National Aeronautics and Space Administration 
(NASA), as the pioneer in the field of teamwork and team process training, has 
developed a team training package named Crew Resource Management (CRM) 
(Helmreich et al., 1999). The main objective of this training package is to increase the 
ability of the crew to collectively identify threats and manage errors. CRM emphasizes 
the key non-technical skills and team processes that affect operational safety, including 
crew planning and decision-making, workload management, situational awareness, 
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communication and assertiveness (Helmreich et al., 1999).  Since then, CRM has been 
implemented in several other high risk sectors, such as emergency medical care, hospital 
operating teams, nuclear power operation centers, and offshore oil platforms as the 
primary strategy for systematic error management (Salas et al., 2008, Musson 
&Helmreich, 2004, Flin, 1997). However, in the construction industry, most of the 
teamwork studies and practices have focused on project teamwork between project 
operation teams rather than project work crews.  
Task demands are important determinants of task performance.  In general, when 
demands become excessive, performance is likely to degrade and errors are likely to 
increase.  The point at which the overload occurs depends on individual capacities such 
as skill, vigilance, fatigue, etc.  On the other hand, during sustained periods of low 
demands, errors are also likely to increase due to mental fatigue, monotony, boredom, 
and reduced vigilance (Nachreiner, 1995).   Thus, certain levels of task demands are 
acceptable as long as the stress does not interfere with the workers’ function and the 
safety and efficiency of the system.  When task demands exceed the individual’s 
capacity, the likelihood of errors increases and performance decreases (Wood, 1986, 
Fuller et al., 2008).     
Many sectors (aviation, healthcare, transportation, power plant control 
operations, shipping, etc.) have been concerned with the effects of task demands and 
workload on performance, and particularly on errors (pilot error, medical errors, driving 
errors, etc.). 
In construction operations, errors can result in quality defects, production delays, 
and safety accidents that all directly impact the outcome of the project. Thus, an effective 
error management system is needed to minimize the likelihood of errors in construction 
work crews to optimize the output of the project. As Hinckley (2003) discusses, the error 
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proofing system must be placed upstream to catch errors before they go through the 
production line and turn into a defect. The error proofing systems are well-practiced in 
other industries such as automotive industry where the flow of material into the 
production line and quality of products can be easily sampled, tested, and controlled. 
Unlike the other industries, in construction operations, due to their dynamic 
characteristic, implementing an effective-universal error proofing system is not easily 
achievable.  
CONSTRUCTION WORK SYSTEMS 
Compared to other high risk sectors, construction involves more frequent but 
smaller scale accidents, with many and diverse hazard sources.  Construction work 
involves a large number of work processes that need to adapt to the project-specific 
requirements and context.  As Mitropoulos et al. (2009) discussed, in contrast to the well-
defined procedures of the high-risk systems, the loosely-defined construction work 
processes allow the work crews many degrees of freedom in how they organize and 
coordinate the work.  As a result, construction crew, and to a large extent the field 
supervisors’ work practices determine largely how the actual work is structured and 
coordinated (such as task allocation, sequencing, workload and pace, work coordination, 
collaborative behavior, etc.). Consequently, they shape the evolving work situations that 
the workers face. Furthermore, the dynamic, unpredictable and often hostile construction 
tasks and environments, combined with high production pressures and workload create 
high likelihood of errors. For these reasons, crew coordination and communication are 
essential for effective and safe performance of construction crews (Mitropoulos et al., 
2009). From this perspective, the construction work systems can be categorized in two 
major categories: (1) the construction team processes and (2) construction work practices 
to deliver project objectives.  
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Team Processes 
The crew supervisor is responsible for composing work crews and matching 
skills with the project requirements. Even though the crew composition and crew size are 
mostly decided by the company, it is still the field supervisors’ responsibility to 
effectively arrange and utilize available workforces to meet project goals.  
In construction crews, distributing tasks to the crew members according to their 
capabilities is one of the essential functions of the crew supervisor (foreman) and the 
team leader. Typically, foremen try to assign the most skilled workers to the most 
demanding tasks (those that require higher quality, have tighter tolerances or involve 
more risks). This practice reduces the likelihood of errors, defects and accidents. 
However, this depends on the foreman’s understanding of the task requirements and 
familiarity with the crew members’ capabilities. On the other hand, foremen also need to 
make the best possible utilization of their manpower. However, assigning the first 
available worker to the first task available can create significant problems in quality and 
safety. Furthermore, establishing successful teamwork within the crew and effective 
interaction between crew members is another critical work element that field supervisors 
should take into consideration. However, teamwork and effect on construction crews’ 
safety and production performance have received limited attention from the construction 
practitioners and scholars. Research is needed to better understand the team processes in 
the context of the dynamic construction operations and team composition.  
Construction Production Practices 
The work practices employed by the construction crew foremen can be 
categorized in three major categories: (1) production practices, (2) quality 
control/assurance practices, and (3) safety practices. These three dimensions of work 
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practices combined with team processes form the work systems created by each crew 
supervisor to meet project goals. However, these practices may differ across different 
crews and projects.  
A construction work crew can be simulated to a sport team (basketball, soccer, 
etc.), where the success of the team mainly depends on the coach’s understanding of the 
situation, taking right tactic and communicating with players, team up right players 
according to the tactics, establishing strong teamwork among players, having effective 
countermeasures to adapt to unexpected situations, etc.  From this perspective, selection 
of work practices is a function of several factors such as foremen’s understanding of 
project attributes and demands – production pressures, quality expectations, safety 
hazards – foremen’s understanding of workers’ capabilities, sufficient resource 
availability, organizational factors, etc. However, the dynamic nature of construction 
projects would be considered as the main difference of the construction operations 
compared to other sectors.  
In summary, creating and implementing a high reliability work system in 
construction work crews require; (1) creating an in-depth understanding of the project 
demands that crew members experience during task performance and (2) taking effective 
practices to regulate work demands to enhance workers’ performance, and consequently 
improve the project’s outcome.   
OBJECTIVES 
This dissertation is conceptualized on findings and lessons learned from the High 
Reliability Organizations. The long term goal of this study is to create and implement 
highly reliable construction work system that simultaneously ensures high productivity, 
world class work quality, and safety of construction work crews.  
Toward this goal, this dissertation addressed three objectives: 
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1. To create an understanding of the factors that shape and increase construction 
workers’ task demands. This step was carried out at three phases that included 
exploring: (1) the organizational factors and decisions made at the management level 
that affect workers’ task demands, (2) project characteristics and attributes that 
contribute to workers’ task demands, and (3) task characteristics that increase 
workers’ task demands and consequently affect their overall performance. 
2. To explore and investigate the work practices used by field supervisors (foremen) to 
successfully execute construction projects as planned. This step created an 
understanding of how different foremen identify and regulate work demands within 
their work crews to minimize the likelihood of errors and enhance workers’ 
production, quality, and safety performance. These practices were investigated under 
four major categories: (1) production practices, (2) quality assurance and quality 
control practices, (3) safety practices, and (4) team development and processes.  
3. To develop a comprehensive package based on the lessons learned from the work 
practices of high performance work crews. The intention of this model was to assist 
the construction field supervisors to overcome project demands and successfully 
meet project goals.  
STRUCTURE AND ORGANIZATION OF DISSERTATION 
The findings presented in this dissertation follow the “three journal paper” 
format. This is an increasingly common form of dissertation presentation, which has the 
benefit of enabling the researchers to more quickly publish from their dissertation work 
(Tyler, 2005).  
Chapter 2 of this dissertation presents an extensive review of background 
literature on high reliability organizations, human errors and contributing factors, 
  11 
teamwork and team processes, and task demands. Chapter 3 of this dissertation presents 
the methodology developed and used to address the dissertation objectives.  
  Chapters 4, 5, and 6 are each crafted to act as a stand-alone document. Each 
chapter has its own abstract, introduction to project, discussion, and conclusion section. 
These three chapters first present the detailed project attributes and task characteristics. 
Then, each chapter presents and discusses the work practices used by each crew 
supervisor to successfully deliver project goals. Chapter 4 presents findings of two 
masonry construction case studies, which were used as pilot cases. These cases include 
two crews from two different masonry construction companies. Chapter 5 presents 
findings of a concrete construction case study that includes project attributes, task 
factors, project challenges, and work practices of two different crew supervisors. The 
crew supervisors were from the same company and were working on the same project. 
Chapter 6 presents findings of two Hot Asphalt Roofing case studies. These two crews 
were selected from the same company. Chapter 7 of this dissertation summarizes and 
aggregates the theoretical and practical contributions of the three sets of case studies 
presented in chapters 4, 5, and 6. Finally, the chapter presents the limitations of this 
study and suggests directions for future research. The final section of the dissertation 
contains the bibliographic information referenced throughout the dissertation.  
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Chapter 2 
LITERATURE REVIEW 
This chapter presents the summary of the relevant background review. The topics 
covered in the review of background literature included: (1) high reliability organizations, 
(2) human errors and contributing factors, (3) teamwork, and (4) task demands. Each 
section includes several subsections, which provide an in-depth understanding of the 
context.  
HIGH RELIABILITY ORGANIZATIONS 
Organizations can become reliable and avoid systems accidents by creating 
appropriate behaviors and attitudes (Leveson, 2009). In organizational research, the term 
high-reliability organization (HRO) is used to describe the institutions that operate in 
complex, hazardous situations for a long period of time while making few mistakes like 
aviation, nuclear power plants, and health care (Baker et al., 2006, Bigley & Roberts 
2001, Rochlin et al. 1998).  Levenson et al. (2009) summarized the characteristics of 
HROs as: (1) technical expertise, (2) stable technical process, (3) a high priority placed 
on safety, (4) attention to problems, and (5) learning orientation. Sullivan and Beach 
(2009) discussed that organizations that reliably manage complex systems maintain a 
balance between those factors that represents a threat to the system and those factors that 
mitigate them. They further discussed that operational reliability is maintained through 
making and maintaining balance between five factors as: (1) expectations, (2) risk 
factors, (3) resources, (4) competent factors, and (5) consequences. When in a system the 
weight of capability is sufficient to counteract the weight of risk, the scale remains in 
balance, and the organization continues to operate reliably. In contrast, if the weight of 
risk exceeds the capability of the system, the scale will become unbalanced and will 
result in a system failure (Sullivan & Beach, 2009). This is consistent with Mitropoulos et 
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al. (2009) statement that construction accidents are a result of loss of control when task 
demand exceeds workers’ capability. Moreover, in driving, Fuller (2008) proposed Task 
Demand-Capability-Interface (TCI) model which discusses that when the level of task 
demand exceeds driver’s capability the likelihood of error increases.  
Leveson et al. (2009) defined reliability as the probability that a component 
satisfies its specified behavioral requirements over time and under conditions wile safety 
is freedom from unacceptable losses (accidents). They further argued that safety and 
reliability are not equivalent, in fact, they often conflict; increasing system reliability may 
decrease system safety and vice-versa. They believed that achieving all goals in a reliable 
manner is impossible and other goals may be missed. According to this discussion, the 
challenge is how a system can reach the optimum point of safety versus reliability. 
 In construction safety research, the term high-reliability crew (HRC) has been borrowed 
from the organizational research.  High Reliability Crews are the construction crews that 
achieve and maintain a high level of productivity, while they are exceptionally safe over 
a long period of time compared to the other crews performing similar tasks (Mitropoulos 
& Cupido, 2009). However, in construction, the production and safety practices of high 
reliability crews that converge to create a high reliable work system have received limited 
attention.    
HUMAN ERRORS & CONTRIBUTING FACTORS 
The construction industry faces significant losses every year due to the 
production problems (cost and time overruns), quality defects (rework), and safety 
accidents (injuries and fatalities) (Friedman & Forest, 2009; Josephson & Hammerlund, 
1999; Burati et al., 1992). From a human factors perspective, occurrence of such 
problems can be a result of human errors and omissions in task performance. Thus, 
implementing an effective error proofing system is critical to reduce losses due to human 
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errors. The mistakes or changes made at the management level and consequent rework 
shape a great deal of construction project losses; however, this is out of scope of this 
dissertation.  
Error Reduction Practices  
 Different sectors and industries have been concerned with errors and their effect 
on the whole process. The industries such as aviation, emergency healthcare, army, and 
control rooms that are more sensitive to impact of errors on the outcome of the work have 
developed and practiced different error management systems to either reduce the 
likelihood of errors or mitigate the harm if mistakes happen.  
In healthcare, Grout (2006) discusses the changes in the physical design of the 
process as an effective method to reduce human errors. These changes are supposed: (1) 
to prevent errors occurrence, (2) to detect errors after they occur but before harm occurs, 
(3) to allow processes to fail safely, and (4) to alter the work environment to reduce the 
chance of errors. Grout (2006) considers three major characteristics for error proofing 
systems as: (1) effective in reducing harm, (2) be inexpensive, and (3) be easily 
implemented. 
In order to create an error-free work system that yields a world class quality, 
Hinckley (2003) discusses three fundamentally sources of defects as: variation, mistakes, 
and complexity. He critics the “control of variation” as a traditional technique, which is 
not able to achieve a world class quality by itself. He further discusses that mistakes 
(errors) are the common sources of defects. Finally, he concludes that excessive process 
complexity contributes to both excessive variation and unnecessary mistakes.  
Task Complexity & Uncertainty 
Task complexity is considered a critical task attribute that increases both the time 
to perform the task and the likelihood of mistakes (Campbell, 1988, Braarud, 2001).  
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Task uncertainty is another characteristic that affects task performance. From a task 
design perspective, Cordery et al. (2010) define task uncertainty as the lack of prior 
knowledge about the operational problems, which arises during the task performance.  
These factors are strongly influenced by the production pressures and require excessive 
use of mental resources to overcome the problems.  
Enhanced Constructability; an Error Reduction Practice 
 Grout (2006) and Hinckly (2003) both discussed simplification of the work 
process as an effective approach to reduce the likelihood of errors and enhance the output 
of the system. In the construction projects, reducing the complexity and simplifying the 
work processes can be discussed as increased constructability. However, during the 
preplanning phase, typically the constructability review is discussed from the financial 
perspective.  
The Construction Industry Institute (CII) (1986) defines constructability as the 
optimum use of construction knowledge and experience in planning, design, 
procurement, and field operations to achieve overall project objectives. From this 
perspective, O’Connor and Davis (1988) discussed that constructability is enhanced 
through innovations in construction methods including sequencing of field tasks, 
temporary construction materials/systems, hand tools, construction equipment, 
constructor-optional assembly, temporary facilities directly supportive of field methods, 
or post bid constructor preferences. This issue prompts a movement from the traditional 
methods to newly developed methods to enhance projects performance including safety, 
production, and quality performance. In order to enhance constructability, it is critical to 
primarily identify the project attributes and factors that affect the performance of the 
project. For instance, in concrete construction, research identified rebar work as one of 
the most labor intensive and time consuming activities that affect the overall performance 
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of the project. Jaraks (2010) examined the effect of several factors on the performance of 
rebar workers and found that the variability of beam sizes, rebar diameter, stirrups 
diameter, reinforcement quantity, beam dimensions, and span geometry have significant 
impact on the rebar workers’ productivity. These findings are consistent with Hinckly’s 
(2003) discussion of minimizing complexity to reduce the likelihood of errors. 
TEAMWORK: THE NEGLECTED VARIABLE IN CONSTRUCTION SAFETY 
The aviation sector first recognized the significance of teamwork in accidents 
when NASA researchers found that over 70% of the aviation accidents were caused by 
breakdowns in team coordination and communication rather than deficiencies in technical 
proficiency (Cooper et al., 1980).  This realization led to development of the Crew 
Resource Management (CRM) teamwork training (Helmreich et al., 1999).  The main 
objective of this training package is to increase the ability of the crew to collectively 
identify threats and manage errors. CRM emphasizes the key non-technical skills and 
team processes that affect operational safety, including crew planning and decision-
making, workload management, situational awareness, communication and assertiveness. 
Following aviation, several high-risk sectors (healthcare, shipping, offshore platforms 
operations, etc.) have emphasized teamwork as a key strategy for systematic error 
management.  
In the construction sector, Mitropoulos and Memarian (2012) investigated the 
role of teamwork processes in construction safety.  They first conducted an in-depth 
review of the key elements of teamwork and drew from several bodies of knowledge 
(applied psychology, human factors, occupational safety, etc.) and sectors (aviation, 
healthcare, construction, etc.).  Next, they highlighted the teamwork challenges in the 
context of construction operations.  
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Mitropoulos & Memarian (2012) organized the critical teamwork constructs in 
three categories (Kozlowski & Bell, 2003): (1) cognitive attributes, (2) affective 
attributes, and (3) teamwork behaviors and processes.  
Figure 1 summarizes the cognitive attributes (knowledge), affective 
attributes (caring), and behaviors and processes that affect a work group’s ability 
to prevent and manage errors and avoid accidents.   
Teamwork Processes
Cognitive attributes 
Team mental modes
Team situation awareness
Adaptability
Affective attributes 
Caring for team goals
Caring for coworkers
Factors affecting 
teamwork processes
Unique task
Production goals
Team composition
Work assignment
Team leadership
Team outcomes
Production
Quality
Safety
Errors, Defects, 
Accidents
Behaviors & processes
Team briefings
Cross monitoring 
Backing up
Assertiveness
Team learning
 
Figure 1.  A framework of teamwork processes in construction operations 
Cognitive Attributes  
Cognitive attributes refer to a team’s thinking processes, knowledge and mental 
capability to act as a team.   
Team mental model. A team mental model helps team members understand the 
team functions and their role in the team task.  It includes four elements (Cannon-Bowers 
et al., 1993): (1) understanding of the team task (goals, performance requirements and 
problems, tasks, procedures and conditions), (2) knowledge of the technology and 
methods used to accomplish the task; (3) understanding of the team members’ roles, 
responsibilities, needs and dependencies; and (4) knowledge of team members’ skills, 
attitudes, strengths and weaknesses. 
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Situation awareness (SA). Shared situation awareness refers to the degree to 
which team members who perform interdependent tasks share the same operational 
picture (Endsley & Jones, 2001). 
Adaptability. In dynamic environments, adaptability is necessary for effective 
team performance.  Adaptability involves the redistribution of tasks and workload among 
team members to achieve balance during high-workload, time-pressured, or emergency 
situations (Salas et al., 2007, Cannon-Bowers et al., 1995).   
Affective Attributes  
Affective attributes refer to interpersonal and motivational characteristics, such 
as interpersonal relations, caring, trust, and conflict that create the attitudes and 
willingness to cooperate.  These include: (1) team cohesion and (2) interpersonal 
cohesion.  
Team cohesion. Team cohesion reflects the tendency of a group to stick together 
and remain united in its pursuit of its instrumental objectives (Evans & Jarvis, 1980). 
Interpersonal cohesion. Interpersonal cohesion refers to the emotional bonds of 
friendship, liking, caring, and closeness among group members (Evans & Jarvis, 1980). 
Teamwork Behaviors and Processes 
Teamwork behaviors and processes refer to the observable actions and 
interactions of team members including the structured team processes.  These include (1) 
team briefings, (2) mutual performance monitoring and feedback, (3) assertiveness, (4) 
backing up behaviors, and (5) learning processes. 
Team briefings. During team briefings the team leader and the team members 
review the team goals and plan of action.  The briefings provide the opportunity to 
discuss potential problems and contingency plans, to share information, ask questions, 
and provide clarifications (Lingard et al., 2008, Helmreich et al., 1999).  
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Mutual performance monitoring & feedback. Monitoring teammates’ 
performance is essential for error management.  It helps team members identify errors in 
each other’s’ work and address them through feedback and backup behaviors.  According 
to Salas et al. (2007) effective cross-monitoring includes: observing performance and 
communication of the other team members, recognizing and catching others’ mistakes, 
being aware of other team members’ workload and surroundings, having knowledge of 
task, mission, and resources, and being aware of team surroundings. 
Assertiveness. Assertiveness is an important quality, especially during critical 
situations (Mirsha et al., 2009).  Assertive statements are statements that command 
attention, convey concern, state the problem, and propose a solution (Grogan et al., 
2004).  For effective error management, lower-level employees need to be willing and 
able to challenge the actions of other crew members and to assert safety concerns. 
Backing up behaviors. Backing up behavior occurs when team members assist 
someone who is unable to complete their task, or help them correct a mistake (Salas et 
al., 2004). This is often a way to share the workload when it becomes excessive (Porter et 
al., 2003).   
Learning processes. Organizational learning is viewed as the process of 
detecting and correcting errors (Argyris & Schon 1978).  Edmondson (1999) views group 
learning as an ongoing process of designing, executing, reflecting upon and modifying 
actions. Learning behaviors include asking for and providing feedback, openly discuss 
assumptions and differences as a group, openly discussing errors, and experimenting.  A 
team environment of psychological safety is needed to facilitate such behaviors 
(Edmondson, 1999).  Structured team learning mechanisms include primarily after-action 
reviews (Blickensderfer et al., 1997).   
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TASK DEMANDS 
Task demands are defined as the knowledge, skills, and effort required for successful 
task performance (Wood, 1986).  Physical demands refer to energetic, biomechanical and 
environmental demands (Sluiter, 2006).  In construction excessive load lifting and extreme 
postures result in injuries and musculoskeletal disorders (MSD) (Everett, 1999).  Mental 
demands require cognitive inputs including concentration, memory, decision making and 
attention (Sluiter, 2006).  Task complexity is considered a critical task attribute with regards 
to mental workload, as it increases the time to perform the task and the likelihood of mistakes 
(Braarud, 2001; Campbell, 1988).  From a task design perspective, Cordery et al. (2010) 
define task uncertainty as the lack of prior knowledge about the operational problems which 
will arise during the task performance and the best way to deal and solve them.  Temporal 
demands refer to the time pressure that an operator experiences due to the pace of work (Hart 
& Staveland, 1988).  Production goals and resource limitations often create high production 
pressures and temporal demands.  Psychosocial demands refer to stress and frustration caused 
by emotional states, interpersonal relationships, autonomy, etc. (Sluiter, 2006).  Researchers 
distinguish between objective task demands, which depend on characteristics of the task 
independent of the individual performing it, and subjective (perceived) task demands, which 
depend on the individual’s resources such as strength, skill, experience, attention, etc. 
(Campbell, 1988; Wood, 1986; Hackman, 1969). 
Task Demands and Effect on Performance 
High risk sectors such as aviation, driving, and process control operations have 
long been concerned with the effects of task demands and workload on performance.  
The relation between task demand and performance is typically thought of as an inverted 
U curve (Braarud, 2001).  In other words, performance is found to be low when the 
demands are very high and when they are very low.  In aviation, Hancock et al. (1995) 
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reported more successful performance in low task demand conditions while the rate of 
errors increased in high demand conditions. Morris and Leung (2006) found that as the 
mental workload increased, the pilots’ flight control and task prioritization performance 
decreased significantly.  Research in nuclear power plant control teams also found that 
increased task complexity and workload result in longer response time and more errors 
(Hwang et al., 2009).  On the other hand, when the load imposed by the task becomes 
very low, the probability of human error also increases (Campbell & Bagshaw, 1999).   
In driving, research has found that more complex driving tasks create higher 
mental workload and result in higher response time (Cantin et al., 2009).  It was also 
found that when the mental workload of the driver is very low, vigilance is reduced and 
consequently response time increases (Brookhuis, 2003).  Fuller et al. (2008) found that 
when task demand approaches or exceeds the operator’s capability, the likelihood of 
errors, loss of control and accidents increases.  Factors affecting task demands in driving 
include increased speed (Fuller et al., 2008), traffic unpredictability (Zeitlin, 1995), 
driving at intersections (Cantin et al., 2009) and performing multiple tasks 
simultaneously (Horrey et al., 2009).   
Task Demands in the Construction Operations 
In construction, the task demand-capability model (Mitropoulos et al., 2009) 
proposed that task performance is influenced by (1) task demands and (2) workers’ applied 
capability.  The applied capability depends on the worker’s skill and capability, human 
factors (such as fatigue, etc.) and the level of worker’s activation.  Task demands depend on 
characteristics of the task, the environment, and worker’s behaviors.   
Physical task characteristics include heavy loads, awkward postures and highly 
repetitive tasks.  Tools and equipment and the difficulty involved in their use also contribute 
to task demands (Saurin & Guimaraes, 2008). Environmental factors include the physical 
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conditions in the work area as well as the social environment that affects worker’s stress, 
such as the support from coworkers and supervisor.  Worker behaviors that influence the task 
difficulty include the pace of work, performing multiple tasks, etc.  These factors are strongly 
influenced by the production goals and pressures on the workers. 
An analysis of accidents in residential framing (Mitropoulos & Guillama, 2010) 
identified five factors that combine and affect the task difficulty of framing tasks: work 
platform constraints, ergonomic posture constraints, material/load handling requirements, tool 
use/accuracy requirements, and external forces.   
In construction, however, the effect of task demands on performance (task time, 
errors and accidents) has focused primarily on ergonomic loads and physical demands. 
Construction work practices & effect on task demands. Few construction 
researchers have examined the effect of foreman’s capability and some work practices on 
the crew performance (Dai et al., 2009; Kaming et al., 1997; Laufer & Shohet, 1991). 
With regards to productivity, Dai et al. (2009) found foremen’s competency to manage 
and execute the project as a major factor that significantly affected the crew performance. 
With regards to safety and productivity, Laufer and Shohet (1991) found the number of 
workers (crew size) foremen used to form work crews as a major factor that significantly 
influenced the quality of foreman’s supervision, and consequently affected the crew 
performance.  They reported more effective and safer work in small crews (up to eight 
workers) compared to large crews (nine workers or more). Although all these studies 
contributed to safety and production performance of crews, none of them addressed these 
issues from human factors and task demands perspective. 
Workload Assessment Methods 
Ergonomic assessment methods are used to evaluate the physical demands.  Such 
techniques include subjective methods—where the workers assess the demands of the 
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activity, observational methods—where an observer records and assesses data on a number of 
factors using specifically designed
 
pro-forma sheets, and physiological measures that assess 
the body’s reaction to a physical or mental load (David, 2005).   
In cognitive systems engineering, subjective techniques are used extensively to assess 
the mental workload on operators working with various human-machine systems.  Subjective 
mental workload is defined as the subject’s judgment of the mental or cognitive workload 
experienced (Reid & Nygren, 1988).  Subjective techniques include the subjective workload 
assessment technique (SWAT), work profile (WP), and NASA Task Load Index (Rubio et al., 
2004; Hart & Staveland, 1988).   
This study used the NASA-TLX instrument to measure the workers’ perceived 
task demands.  The NASA-TLX is one of the most widely used subjective measures 
(Rubio et al., 2004), and assesses both mental as well as physical demands (DiDomenico 
& Nussbaum, 2008) with low effort.  The NASA-TLX uses six questions to assess 
mental demand, physical demand, temporal demand, effort, performance, and frustration 
as shown in Table 1.  Each question has a rating from 1 to 10, where 1 represents the 
lowest task demand, and 10 represents the highest, with the exception of the performance 
question, where 1 indicates the highest, and 10 indicates the lowest.  
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Table 1 
NASA-TLX Rating Scales Description 
 
 
 
 
 
Item Endpoints Description 
Mental  
demand  
1 - 10 
Low / High 
 
How much mental and perceptual activity was required (e.g., thinking, 
deciding, calculating, remembering, looking, searching, etc.)? Was the 
task easy or demanding, simple or complex, exacting or forgiving? 
Physical  
demand 
1 - 10 
Low / High 
How much physical activity was required (e.g.. pushing, pulling, 
turning, controlling, activating, etc.)? Was the task easy or demanding, 
slow or brisk, slack or strenuous, restful or laborious? 
Temporal 
demand 
1 - 10 
Low / High 
How much time pressure did you feel due to the rate or pace at which 
the tasks occurred? Was the pace slow and leisurely or rapid and 
frantic? 
Performance 1 – 10 
Good / Poor 
How successful do you think you were in accomplishing the goals of 
the task set by the experimenter (or yourself)? How satisfied were you 
with your performance in accomplishing these goals? 
Effort 1 - 10 
Low / High 
How hard did you have to work (mentally and physically) to 
accomplish your level of performance? 
Frustration  
level 
1 - 10 
Low / High 
How insecure, discouraged, irritated, stressed and annoyed versus 
secure, gratified, content, relaxed and complacent did you feel during 
the task? 
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Chapter 3 
METHODOLOGY 
This chapter presents the methodology developed and used to answer the 
research questions. The chapter includes method selection, procedure of case selection, 
data collection steps and methods, and data analysis.    
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METHOD SELECTION 
The primary objective of this dissertation was to develop high reliability work 
systems that simultaneously yield high productivity, excellent work quality, while work 
crews are exceptionally safe. Given the little formalized knowledge available on the 
effect of work practices and task demands on the work crews’ performance, the 
qualitative research method was the most appropriate method to address the research 
objectives. The research performed several in-depth field investigations of the work 
practices and team processes of “High Reliability Crews.”  In the context of this research, 
High Reliability Crews (HRC) are those construction work crews who have consistently 
higher performance in terms of both productivity and safety compared to crews 
performing similar work.  However, to demonstrate the superiority of High Reliability 
Crews’ practices it required to compare these practices with some other work crews’ 
practices. In social science, this approach is defined as Qualitative Comparative Analysis 
(QCA) (Jordan et al., 2011). Although this approach is mainly used in social science 
research, it has been employed by construction and engineering researchers over the past 
few years (Chan et al., 2010; Gross, 2010; McAdam et al., 2010; Schaffer-Boudet et al., 
2011). QCA is attractive to researchers as a strong analytic technique to obtain in-depth 
knowledge from small-N studies of cases (Jordan et al., 2011).  In addition, it helps 
determine the causal relationships between ‘causal conditions’ (similar to independent 
variables) and ‘outcome conditions’ (similar to dependent variables). As Eisenhardt 
(1989) defines, the case study is a research strategy, which focuses on understanding the 
dynamics present within single settings. Case studies can involve either single or multiple 
cases and numerous levels of analysis (Yin, 1984). Case studies typically combine data 
collection methods such as archives, interviews, questionnaires, and observations. The 
evidence may be qualitative, quantitative, or both (Eisenhardt, 1989).  
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Furthermore, case studies enable the investigation of a phenomenon in its real-
world context. The strength of this approach is in the comprehensive perspective it gives 
the researcher, which enables a deeper understanding of the observed phenomena.  
CASE SELECTION PROCEDURE 
In case study and grounded theory methodology, it is strongly recommended to 
select extreme cases, which yield richer data (Eisenhardt, 1989). Note that in qualitative 
research method samples are not selected randomly, instead cases are selected based on a 
predefined process. This is to select extreme cases, which yield richer data.  
During the preliminary phase of this study, the construction trades with high risk 
of accidents and injuries were identified according to the latest report of the Bureau of 
Labor Statistics (BLS, 2009). These trades were: roofing, residential framing, masonry, 
steel structure, concrete, and electricians.  All the cases were selected from the high-risk 
construction trades. The preference was to select cases from the large size contactor 
companies that perform a wide range of industrial, commercial, and residential projects.  
The case selection steps were as follow; first, the participating companies were 
asked to rank their foremen according to their safety and production performance over 
the past three years. The number of man-hours and the level of projects difficulty they 
had managed were used as the multipliers to modify and normalize this assessment. With 
respect to the projects difficulty and number of man-hours managed, the foreman who 
had the fewest number of accidents, lowest cost of accidents, and highest production 
performance was identified as the exceptional foreman. For the comparison purposes, an 
average-performing foreman was also selected and studied from the same trades, 
preferably from the same company.  
According to availability, cases were selected from masonry, concrete, and 
roofing construction. All cases were selected from the local-major construction 
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contractors.  However, for privacy protection the name of participating companies will 
remain anonymous throughout the dissertation.  
The masonry cases were considered as the pilot cases, thus their selection did not 
follow the discussed “case selection” procedure. The trades and crews studied in this 
dissertation included: 
1. Masonry: two crews from two different major masonry companies were 
studied. 
2. Concrete: two crews from the same company who were working on the same 
project were studied. Each crew had different responsibilities. One crew 
supervisor was an exceptional supervisor and the other one was an average-
performing.  
3. Roofing: two Hot Asphalt roofing crews from the same companies were 
studied. One foreman was an exceptional one and the one was still a good 
foreman but in projects with lower level of difficulty and complexity.  
DATA COLLECTION 
It is suggested that qualitative case research should employ multiple data 
collection methods to increase the validity of the constructs identified (Eisenhardt, 1989). 
This study used triangulation of methods by employing three data collection methods: (1) 
personal interviews, (2) survey, and (3) direct observation. Moreover, review of the 
project documents like accident reports was another source of data. Moreover, replicating 
the data collection effort across at least two crews from each trade contributed to the 
internal validity of constructs found within each trade. To enhance the external validity 
and generalizability of findings, the data collection was replicated across the crews from 
different trades and findings were cross-examined.  
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Interviews  
Interviews were carried out in two phases. First, the foremen’s were interviewed 
several times to understand their work practices to manage and execute different phases 
of the projects. Foremen’s interviews were conducted under three major categories: (1) 
work planning & organization phase, (2) work preparation phase, and (3) execution 
phase. The questions asked from foremen’s were based on the constructs found from the 
literature and pilot case studies. To discover other work practices applied by different 
foremen, they were also asked to answer some open-ended questions to give examples 
from their current and previous works. Furthermore, the researcher created simulated 
work scenarios and asked foremen to respond to such scenarios. This step would help 
researchers understand how foremen cope with and adapt to unexpected work situations. 
All the interviews were recorded.  
Foremen Interviews 
Work planning & organization. This phase was to understand how effectively 
the foreman plans for the work and what factors he would take into consideration before 
the starting day of the project. This phase consisted of four major steps: (1) preplanning, 
(2) execution method selection, (3) manpower requirements and alignments, and (4) work 
organization. Each step had some short and open-ended questions.  
Work preparation. At this step the foreman was interviewed to understand 
how he would prepare the work at jobsite to create a smooth work process and 
enhance crew’s performance. The constructs tested at this step were:  
 Logistic. It was to understand how and when the foreman orders material, 
how and where he stores material delivered, and how he distributes materials 
to work areas. Moreover, amount of material buffer and backup plan for 
equipment and tool breakage were of interest at this step.   
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 Instruction & plan communication. It was to understand how the foreman 
would communicate the work plan with his crew and why.   
 Task distribution strategy. It was to understand what criteria the foreman 
used to assign different workers to different task and work areas. The main 
focus at this step was to understand how and to what extent the foreman 
would match the task demands with workers’ capability.  
Project execution. At this step the effectiveness of the foreman’s work practices 
to produce the final product was investigated. The main goals of this step were to 
understand how the foreman tried to stabilize the work flow and at the same time his 
work crew was highly productive and exceptionally safe while delivering high quality 
work. Three major constructs were examined: (1) control process (safety, productivity, & 
quality), (2) work crew stability, and (3) coping with and adapting to unexpected 
situations. However, the foremen had some open-ended questions to provide an 
opportunity to identify other practices they might use.  
Analysis of Foremen’s Interview  
The analysis process was to continuously explore new constructs (inductively) 
and examine the quality of these constructs in the next cases (deductively). To analyze 
foremen’s interviews, all the interviews were coded. The primary codes were the 
preexisting constructs (discussed earlier) identified in the pilot case studies and also from 
the literature. For instance, all the statements referring to errors, mistakes, and defects 
would fall under the same category. Then the quality of constructs was assessed and 
compared with other foremen’s work practices. Since there were open-ended questions, 
there was always an opportunity for emerging codes and developing new constructs.  
 
 
 
 
  31 
Workers’ Interviews 
 
The workers’ interviews were the complimentary part of their subjective task 
demand assessment survey. These interviews were conducted to meet two major goals. 
First, it would identify the project attributes and task factors that shape and increase 
workers’ task demands. Workers were asked questions about the main sources of task 
difficulties they experienced in their current or previous tasks. These questions were 
aligned with the NASA-TLX questionnaire elements that focus on the mental demand, 
physical demand, temporal demand, performance, effort, and frustration that workers 
experience during their current task performance. Second, workers were asked questions 
regarding the unexpected situations (surprises) and disturbances and the causes from the 
workers’ perspective.  
Analysis of Workers’ Interview  
To analyze workers’ interviews, their responses were categorized under the task 
demand measures (codes) as presented in the NASA-TLX questionnaire. It intended to 
first; understand what tasks and task factors contributed to the workers’ task difficulties. 
Second, to understand how workers’ performance was affected by these task factors.  
Workers’ answers to “unexpected situations and disturbances” questions were 
cross-examined with the foreman’s responses to the similar questions. The goal was to 
examine the mutual understanding and awareness of the work situations between the 
work crew and foreman. Furthermore, the workers’ level of frustration measured by the 
NASA-TLX was an indicator that how these situations affected workers, and how 
successfully the foreman contributed to mitigate the impact.  
Observations  
Observation was another dimension of the data collection process. Observations 
were made to meet two goals: (1) to understand tasks and activities of different trades and 
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(2) examining the quality of foremen’s work practices as they stated in their interviews. 
Several close observations of operations were made, and for further analysis some work 
samples were videotaped. Before videotaping, the permission was obtained from the 
company’s management and also workers were informed about that. Workers were free 
to decline to be videotaped. In order to minimize bias in observations and analysis, the 
observations were made on different days and at different times of the day. The author 
spent four months for masonry cases, three months for concrete cases, and four months 
for the hot asphalt roofing observations.  
Task Analysis 
 
The whole operation was divided into few major activities. For instance, in 
masonry construction, the whole operation consists of layout work, making mortar, 
material handling, cutting & sizing blocks (if required), block laying, rebar placement, 
grouting, and finish work (if required). To analyze each task, the following elements were 
identified: 
 Location of the task and work platform: stability of work platform (ladder, 
scaffold, ground, etc.), closeness to the leading edge, elevation, closeness to other 
safety hazards. 
 Number and types of tools used: ease of use (weight, grasping, etc.), accuracy, 
safety risks involved in using the tool. 
 Materials used for each activity: difficulties to use (weight, shape, etc.), 
complexity (size & color diversity), etc.  
 Equipment used in each activity: for example if there is any forklift or crane and 
where the crane was located.  
 Number and roles of the workers participating in each activity: journeyman 
(installers), apprentice, laborers (helpers). Moreover, workers’ work experience, 
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team tenure, etc. were asked to assess the crew’s tenure, experience and also 
stability. 
After understanding the above mentioned task factors, each activity was closely 
observed several times and videotaped for further analysis. The observations focused on 
the following factors: 
 Potential errors. It was to identify the critical points of each activity where there 
was more chance of mistake. This was also another step to cross-examine the 
foreman’s understanding about the activities with high risk of errors and 
alignment of workers’ capability with task demands. Moreover, it was 
investigated to what practices the foreman used to reduce the likelihood of errors 
and/or mitigate their effects.  
 Interruptions & unexpected situations. This step was first to explore the internal 
and external factors that affect the work process. Also, the frequency of 
interruptions in a work cycle was measured to assess the potential productivity 
lose. It intended to examine the foremen understanding of such situations and 
how proactively they would address them during the preplanning phase. 
Furthermore, it investigated how foremen tried to adapt to and overcome such 
situations and minimize the frequency of occurrence.  
 Task difficulties & complexity. At this step, with regards to the method used to 
perform each task, the factors that contributed to task complexity and difficulty 
were identified and documented. Then, it was analyzed and discussed that how 
alternative methods would reduce task complexity to reduce the likelihood of 
errors.  
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Teamwork  
This step was to understand why and how the crew members interact during the 
task performance. The teamwork constructs were observed. These main constructs of 
teamwork were identified from the high reliability organization sectors literature. These 
constructs are: back up behaviors, mutual performance monitoring, assertiveness, 
communication, role setting, and situational awareness (Mitropoulos & Memarian, 2012). 
The teamwork elements were examined through observations and interviews with the 
crew foremen and crew members.  
VALIDATION PROCESS 
This is a qualitative, exploratory research. Thus, the validation process may not 
be as it is expected in quantitative researches. However, two approaches were used to 
increase reliability of findings. 
1. To increase the internal validity of findings, two cases from each trade were 
studied and analyzed and findings were compared. To increase the external 
validity different trades were studied including masonry, concrete, and roofing. 
Finally, the findings from different trades were cross-examined.  
2. One of the common approaches to examine the validity of findings is “Audit” 
method in qualitative researches. In this method findings are reviewed and 
assessed by experts in the same field. For the current study, findings were 
reviewed by experts in the field of construction safety and productivity. 
Furthermore, general superintendents, safety directors (managers), and project 
managers were candidates to review the findings of this study.  
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Chapter 4 
MASONRY CONSTRUCTION CASE STUDY 
This chapter presents findings of two masonry construction case studies. First, 
the chapter presents an introduction to masonry construction safety and productivity. 
Second, it presents two full case studies starting with project description, masonry tasks, 
and roles and responsibilities. Third, the chapter presents summary of findings regarding 
sources of task demands and workers’ perception of task demands. Fourth, it summarizes 
and compares the production practices of the two masonry foremen and their 
performance outcomes. Finally, the chapter summarizes the findings, makes conclusion, 
and suggests direction for the future research.  
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MASONRY PRODUCTIVITY & SAFETY RISKS  
Masonry work involves significant physical demands (Boschman et al., 2011, Hess et 
al. 2010, Entzel et al. 2007).  Bricklayers lift on average 1000 bricks per day—this requires 
1,000 trunk twist flexion (Schneider & Susi, 1994).  Spielholz et al. (2006) identified several 
masonry activities (scaffold installation, mixing mortar, cutting, stocking and laying block, 
and grouting) as having a high ergonomic risk due to heavy and frequent lifting, high hand 
force and back bending. Van der Molen et al. (2008) reported that the most demanding tasks 
for the masons are: (1) one-handed repetitive lifting of bricks with bended lower back for 
more than four hours per day, and (2) two-handed lifting of blocks.  For mason assistants 
(laborers), the tasks with the highest physical demands were (1) manual lifting and carrying 
of materials, and (2) pushing/pulling of the wheelbarrow for more than four hours per day.   
The high ergonomic demands are reflected in the injury statistics. Low Back Pain 
(LBP) is the most prevalent musculoskeletal disorder among masons (Goldsheyder et al., 
2002)—87 % of bricklayers experience LBP during their life.  According to the Bureau of 
Labor Statistics (BLS) (2009), being struck by objects is the main cause of masonry workers’ 
work-related injuries that forms 27% of all masonry workers’ injuries, followed by falls and 
overexertion in lifting with 21% and 12% of all masonry injuries, respectively.  Lipscomb et 
al. (2006) reported an increased incidence rate of injuries preceded by a slip or trip compared 
to other types of construction work. Entzel et al. (2007) reported that masons have 100 back 
injuries with days away from work per 10,000 full-time workers per year, as compared to all 
construction workers with an average of 70 back injuries. With regards to overexertion 
injuries, Entzel et al. (2007) also reported that masons have 105 overexertion injuries with 
days away from work per 10,000 full-time workers per year, while all construction workers 
have an average of 69 injuries.  Masonry workers have low risk of fatality compared to other 
trades, with a rate of 0.61 fatalities per 100,000 workers (BLS, 2008). The major cause of 
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fatalities (39 % of fatalities) is fall from elevation.  Janicak (1998) found that bricklayers 
have a higher rate for fatal head injuries than other trades. 
Controls to reduce risk of MSDs for masonry workers include adjustable scaffolds to 
keep working height between 60 to 90 cm, brick/block stacks to at least 50 cm height,), using 
equipment to lift blocks over 40 lb, etc. (Davis 2002, Entzel et al., 2007).  Based on a recent 
review of the literature, Boschman et al. (2011) reported that the primary factors affecting the 
stress and complaints of masonry supervisors include: Time pressure, working long hours, 
and task interruptions and interferences.   
Studies of masonry productivity provide insight into the task features that affect 
the overall task duration.  Design attributes that reduce the masonry crews’ productivity 
include: excessive block cutting due to design details, restricted access, large lintels (that 
require mechanical lifting), corners not 90°, numerous corners, numerous openings, and 
double- and triple-wythe walls (Sanders & Thomas, 1991). Complex walls require 
considerable layout time and block cutting can increase the work time by almost 40%. 
Thomas & Zarvski (1999) identified additional features including multiple block sizes, 
numerous walls and corners not at 90°, and minimal consistent scope of work.   They also 
identified several disrupting factors that affect masonry crew’s performance: material 
availability, storage area organization, out-of-sequence work and rework.  
PROJECT DESCRIPTION 
Project A  
Project A was a public safety facility that included detention cells, a court room 
and a shooting range.  The project was located in a remote-suburban area with no 
residential or commercial complexes in their proximity.  According to the foreman, the 
design involved significant complexity and high quality requirements because of the 
following attributes:  (1) Four colors and five different sizes of block and three different 
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colors of mortar. (2) Some two-wythe and curved walls.  (3) Extensive exposed block 
walls, which required high level of quality.  (4) Significant amount of rebar.  (5) Large 
number of wall openings for doors and windows. The schedule pressure was considered 
average.   
The crew size varied from 6 members at the beginning of the project to 22 
members at the peak.  The crew size for most of the project was 14-19 members.  The 
survey was conducted about halfway in the masonry work, when the crew had 14 
members—one foreman, eight masons, four laborers, and one forklift operator.  The ratio 
of one laborer for two masons is typical for masonry crews.  Because of the poor market 
conditions, there was high availability of high-skilled masons, and the crew was very 
experienced:   The foreman had 28 years of experience, the forklift operator had 31 years 
of experience, the masons had an average of 22.8 years of experience, and the laborers 
had an average of 22 years of experience.    
Project B 
Project B was a multi-story office building including offices and parking 
structure. The project was located in a downtown area that created difficulties in terms of 
access points to jobsite, off-load points, and storage areas.  The jobsite was congested 
with crews working close to each other.  The layout of the building was complex with a 
large number of corners.  There was one color (gray) of block and mortar.  Walls were 
not exposed, and there was less rebar compared to the project A.  The schedule pressure 
was considered relatively low.  During construction the building changed ownership and 
extensive redesign was taking place.  Because of this, the project was not under schedule 
pressure, but there was extensive design-driven rework.  Crew B had eight members— 
one foreman, three masons, three laborers, and a forklift operator.  The crew was 
experienced: the foreman had 25 years of experience, the forklift operator six years, the 
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three masons had an average of 16.3 years of experience (25, 12 and 12), and the laborers 
an average of 7.3 years (5, 7 and 10). The survey was conducted about halfway in the 
masonry work. 
CMU MASONRY PRODUCTION PROCESS AND ROLES 
Masonry work consisted of six major activities:  
1. Layout: This activity involves measuring and marking the location of the walls, 
joints, doors, windows, and other work elements based on the plans.   
2. Material handling: This task involves preparation and distribution of material 
(block, mortar, etc.) and is typically performed by the laborers and the forklift 
operator. 
3. Block laying: This is the masons’ primary activity. It involves measuring and 
cutting block, spreading mortar, laying block, and leveling. Building the “leads” 
requires high accuracy as they guide the installation for the rest of the wall.  
4. Install steel components:  Rebar is used to reinforce the masonry walls. The 
masons measure and cut rebar to length according to the plan.  Horizontal rebar 
is placed along the “bond beams” and vertical rebar is placed at specified 
intervals.  Other steel components include wall ties, wire between courses, 
window lintels, and possibly bearing plates and steel embeds.  
5. Scaffolding: This activity involves erecting and dismantling the scaffold—
placing base plates, assembling cross braces, plumb vertical, access ladders, 
planks, guard rails, and access gates. 
6. Grouting: This activity involves filling the blocks with grout to create a solid 
concrete wall. Grouting is typically done every six courses of blocks (four feet 
height) and consists of pouring grout, vibrating, and cleaning. Grouting must be 
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done within the allowable timeframe which is typically 90 minutes from the time 
the mixer-truck leaves the plant.  
In the masonry crews observed, four major roles were identified:  
1. The foreman, who performs management tasks such as planning, distributing 
tasks, ordering materials and equipment, coordination, safety and quality control, 
and possibly physical work like layout and block laying.  
2. The masons, who cut and lay block, install rebar, door frames, window lintels, 
etc.  If needed, they also perform support work, i.e., material handling and 
housekeeping. 
3. The laborers, who perform the support tasks including mixing and delivering 
mortar, transporting and stacking the block, cutting block, erecting and 
dismantling scaffold, grouting and housekeeping.  
4. The forklift operator, who delivers materials from the storage area to the work 
areas.  In small projects with few laborers, the forklift operator also helps with 
manual material handling. 
In the paper, the term “crew” refers to the group of four roles including foreman, 
masons, laborers, and forklift operator. These four roles are the focal points of this study.  
Because each of the roles in the crew performs different tasks, the task demands were 
examined based on the individual’s role.   
TASK DEMAND ANALYSIS 
Project A Task Demands 
Table 2 summarizes the TLX scores for the different crew roles in project A, and 
Table 3 presents the sources of task demands that the crew identified.   
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Table 2 
Average NASA-TLX scores for crew A 
 Mental 
demand 
Physical 
demand 
Temporal 
demand 
Effort Frustration Perfor-
mance 
TLX 
score 
Foreman (n=1) 9 3 8 9 4 5 38 
Masons (n=9) 7.3 8.3 6.3 8.1 6.6 2.4 39 
Laborers (n=4) 6.75 7 6 6.25 2.75 2 30.75 
Operator (n=1) 7 6 9 9 9 2 42 
 
Table 3 
Sources of Task Demands & Frustration for Crew A 
 
Role Mental 
demand 
Physical 
demand 
Temporal 
demand 
Frustration 
Foreman 
# of different 
block colors 
# of wall 
openings 
# of work 
areas 
Some lead and 
layout work 
Doing rework 
Other crews 
waiting for 
masonry 
crew to 
release work 
Waiting for 
material 
Repetitive 
mistakes by 
workers 
Masons 
Working on 
the scaffold 
Exposed 
walls & high 
level of work 
quality 
Heavy block 
Laying block 
through rebar 
No 
Response 
Lack of 
instruction 
Plan errors 
Waiting for 
material 
Defective 
materials 
Rework 
Laborers 
Different 
colors of 
block & 
mortar 
Working 
safely on 
scaffold 
Carrying 
heavy blocks 
for long run on 
the scaffold 
Lifting planks 
Work plan 
changes 
cause rushing 
to erect 
scaffold 
& deliver 
material 
Multiple 
demands at the 
same time 
Forklift 
Operator 
Coordination 
with 
work crews 
Delivering 
the right 
material 
Helping w/ 
manual 
handling 
Moving 
mortar 
container 
Delivering 
material on-
time to 
several work 
areas 
 
Supporting 
several work 
areas at the 
same time 
 
The foreman had high mental demand—this was because he performed the 
managerial and supervisory tasks, as well as some physical tasks that require more 
calculations and accuracy, such as layout, leads and curved walls.  The foreman felt that 
  42 
despite his high effort, the performance was not very good.  This was attributed primarily 
to material delays and the crew’s mistakes and rework.   
The masons indicated high physical demand mainly due to the repetitive work 
with heavy blocks, and laying blocks through rebar.  The difficulty of laying blocks 
through rebar was higher at the wall joints, where the density of rebar was higher. At 
these points, the masons needed to lift and hold blocks in their hand for a longer time to 
lay them through the dense rebar. Often, they needed other workers’ help to pull and 
move the rebar so they can lay the block through the rebar.  The masons reported 
relatively high frustration (TLX score 6.6) due to plan errors, rework and lack of 
instructions, which may indicate an overloaded field supervisor.  
The foreman wanted to use a small forklift to move block inside the building, but 
the congestion inside the building did not provide enough space for this. The material 
was unloaded by the forklift next to the building, and then manually carried inside by the 
laborers.  This increased manual material handling was a concern for the foreman 
because it increased the laborers physical load, and increased the likelihood that the block 
may be chipped. 
The laborers indicated average overall temporal demands, although changes in 
the work plan created rushing at times.  They indicated relatively low level of frustration 
(TLX score 2.75) and high satisfaction with their performance (TLX score 2) in terms of 
performing their duties.  The forklift operator experienced very high temporal demand 
(TLX score 9) mainly due to supporting several work areas at the same time.  
Crew A Work Practices 
Foreman A indicated that he spent most of his time (70 %) on management tasks 
like giving instruction to workers, coordination, inspection, etc.  He also performed 
layout and work that required higher quality, such as the curved wall and leads.  The 
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foreman assigned two experienced masons to build leads.  He considered the openings as 
critical points where masons make mistakes like missing the openings or mistakes in the 
opening dimensions.  To prevent such mistakes, the foreman wrote down the dimensions 
of the openings on pieces of duct tape, taped them at the location of each opening, and 
also marked the center point of the opening.   To make sure that the material handlers 
deliver the correct color and type of block at every wall, the foreman marked on the 
concrete slab the color of the wall at every area.  Rebar installation was assigned to an 
experienced mason. 
Because most of the walls were exposed block, the work required high level of 
quality.  The foreman’s goal was to “make things right the first time.” To help the 
workers visualize the quality expectations, the foreman made a mockup wall.  Another 
concern was to keep the exposed walls clean.  During grouting, the foreman was often 
handling the concrete hose himself, because he wanted to minimize grout spilled on the 
exposed wall that would require clean up.  To prevent quality problems and rework, the 
foreman did not rush the workers to perform fast.   
At times, small teams of two to three masons were working at several different 
work areas.  The number of work areas was influenced by several factors including (1) 
delays of the concrete contractor to complete work areas as planned, (2) delays  of  
window lintels interrupted work at walls that had already started and forced the crew to 
start at new areas, and (3) out of sequence work.  
Crew A Performance Outcomes 
Based on the foreman’s estimate, the amount of rework was about three percent.  
This included the following items: (1) A layout error resulted in a “busted” building 
perimeter—this increased the amount of measuring and block cutting.  (2) Significant 
amount of chipped block had to be repaired on exposed block walls.  The rework 
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involved cutting and removing the face of the damaged blocks and replacing it with new 
block.  In several cases, repair was performed after the scaffold had been removed, using 
ladders.  This creates more difficult conditions than working from the scaffold.  (3) 
Errors in installation and alignment of door frames.  In one instance, the rework was 
caused by a twisted door frame, which was discovered after the wall around it had been 
grouted.  The problem was not discovered earlier because the foreman and crew were not 
inspecting the door frames before installation.  After this incident, the foreman instructed 
the crew to check all the frames. (4) Rework around windows.  The delivery of window 
lintels for one of the buildings was delayed for several weeks due to design issues.  At 
first, the crew moved to other work areas, but when there was no other work available, 
the foreman continued building the wall, knowing that they would have to rework part of 
it later. (5) Another mistake was “wet striking” the mortar, which leaves the effect of tool 
on the mortar.  Because of the exposed walls, the marks had to be cleaned up.  The above 
rework increased exposure to hazards, such as amount of cutting, sometimes poor 
housekeeping conditions, and more time spent on the scaffold.   
The crew had no recordable safety incidents.  One violation noticed early on the 
project was cutting block dry although the wet saw was available but not set up.  
Moreover, while operating the power saw the workers were not using a face shield 
although it was required by the company.  Finally, some housekeeping issues were 
observed that were attributed to the laborers focusing on “primary tasks” such as setting 
up scaffolding and delivering material to the masons at multiple locations, instead of 
“secondary tasks” such as housekeeping. 
Project B Task Demands 
Table 4 presents the result of the NASA-TLX survey conducted for crew B, and 
Table 5 summarizes the sources of task demands from the workers perspective.  The 
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foreman and the forklift operator perceived the highest mental demand (TLX score 10).  
The foreman attributed the high mental demand to work layout complexity and the lack 
of manpower (driven by the congested work space).  The small crew size increased the 
foreman’s thinking about how to best utilize his resources to meet the project goals. The 
forklift operator attributed his high mental demand to the following: (1) Material storage.  
The material storage area was far from the work areas—hence, it required longer time for 
the operator to deliver material. (2) Congested jobsite. Several pieces of equipment were 
operating at the site creating congestion.  (3) Site conditions.  Stacks of materials and 
power cables of other trades were scattered around the site making maneuvering difficult 
and increasing the operator’s mental demand.   
Masons and laborers had similar scores of physical demand— TLX scores 8 and 
8.3, respectively. They also pointed out similar sources of physical demands—
specifically, working with heavy block and excessive use of the power saw.  This was 
due to the complicated layout that required extensive measuring and cutting block.  The 
foreman felt that despite his high effort (TLX score 9), the performance was not very 
good (TLX score 4) and his frustration was high (TLX score 8). This was attributed to 
changes in design and work sequence, the congested site and the extent of rework. On the 
other hand, the laborers perceived low temporal demands (TLX score 3.7), their level of 
frustration was low (TLX score 2.3) and their perception of their performance was high 
(TLX score 1).  
Table 4 
Average NASA-TLX Score for Crew B 
 Mental 
demand 
Physical 
demand 
Temporal 
demand 
Effort Frustration Perfor-
mance 
TLX 
score 
Foreman (n=1) 10 5 7 9 8 4 43 
Masons (n=3) 7.3 8 3.7 8 7.3 2.3 36.6 
Laborers (n=3) 5.7 8.3 3.7 7 2.3 1 28 
Operator (n=1) 10 4 10 6 3 1 34 
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Table 5  
Sources of Task Demands & Frustration for Crew B 
Role Mental 
demand 
Physical 
demand 
Temporal 
demand 
Frustration 
Foreman 
Layout 
complexity 
Lack of 
manpower 
Working with 
heavy blocks 
 
No 
Response 
Plan changes 
Congested site 
Rework 
Masons 
Excessive 
measuring 
& cutting 
blocks 
Plan 
changes 
Heavy blocks 
Excessive 
cutting 
No rush due 
to change of 
schedule 
Plan changes 
Rework 
Laborers 
Excessive 
measuring 
& cutting 
blocks 
Carrying heavy 
blocks for long 
run 
Excessive 
cutting 
Handling 
materials to 
masons on-
time 
No Response 
Forklift 
Operator 
Congested 
site 
Power 
cords 
around the 
site 
Sometimes 
helping in 
manual 
handling 
 
Rushing to 
deliver 
materials 
on-time 
Everybody calling 
for materials 
 
Crew B Work Practices 
Foreman B estimated that he allocated about 50% of his time to management 
tasks and 50% for physical work.  Because of the excessive number of corners and layout 
complexity the foreman worked himself on the layout and leads.  When errors occurred 
and rework was needed, the foreman did most of the rework himself or assigned it to one 
of the most experienced masons.  The foreman was marking the material stacking points 
and writing instructions on the concrete slab for his workers.  In order to avoid mistakes 
and rework, the foreman did not put pressure for speed on the crew.  Both laborers and 
masons were allowed to use the power tools and cut block.  In order to avoid 
interruptions in the work process due to potential absenteeism of the forklift operator, the 
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foreman had two certified operators in his crew. It was noticed that the workers were not 
using a face shield while operating the power saws. 
Crew B Performance Outcomes 
According to the project manager of the masonry contractor, crew B had almost 
eight percent rework.  The rework was mostly attributed to two reasons: (1) errors in the 
layout of a CMU wall, and (2) extensive design changes.  Because of a layout error, a 
wall that was designed to receive a “brick veneer” was slightly out of position.  To 
compensate for the layout error, the masons were trimming the brick veneer to reduce its 
thickness.  In another example of rework, a wrong lead stopped the whole crew for 45 
minutes to correct the problem. Frequent mistakes in measuring and cutting blocks 
created too much block waste.  Frequent changes in architectural plans were another 
source of rework, although this was not due to masons’ errors.  In terms of safety, the 
project did not have any recordable incidents.  The congested site created difficulties for 
the forklift operator to maneuver and deliver materials. In one instance, due to lack of 
enough space to move, the operator hit the surrounding fence.   
COMPARISON OF TASK DEMAND BETWEEN CREWS 
Both foremen indicated high mental demands.  This is expected as they are 
responsible for planning, managing and performing the tasks that require high accuracy, 
as well as performing rework.  They were both experienced foremen with 28 and 25 
years of experience.  Despite this, they both identified some layout mistakes they made.  
They were the crew members least satisfied with their performance.  
In crew B, the forklift operator perceived the highest mental demand (10).  
Comparison of the major causes of mental demands for operator A with operator B 
revealed that operator A was supplying more work areas and was facing greater 
complexity in terms of diversity of materials to pick up and deliver.  The higher 
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perception of mental demand of operator B can be attributed to the more congested site 
conditions and his shorter work experience (six years vs. 31 years of operator A).  Both 
forklift operators indicated high temporal demands (TLX score 9 and 10) which could 
indicate that they were a “resource bottleneck” in the crews’ operations.  As stated in 
their interviews, rushing to deliver material on-time was the main cause of time pressure. 
It appears that on both projects, changes in the planned work area created significant 
rushing to deliver material.   
Both foremen considered their forklift operators as the most important crew 
members, because the whole crew is heavily dependent on their presence and 
performance.  To avoid work interruptions in case of the operator’s absenteeism, both 
foremen had two certified forklift operators in their crews. In one instance, in project A, 
when the mortar mixer broke down, the forklift operator tried to repair it, and the second 
operator operated the forklift for almost 30 minutes.   
The masons in both crews perceived similar physical demands—8.3 and 8 for 
crew A and B respectively. This similarity in perception of physical demand is attributed 
to the similar work they performed, as well as their similar level of experience (20 years 
on average in crew A and 16 years in crew B).  The masons in both crews provided the 
same assessment of mental demand (7.3) which indicates that the complexity of the 
masons work was considered similar.  In project B, masons had less time pressure, but 
higher frustration due to the design changes and rework.  Both groups of masons 
considered their performance high (2.4 and 2.2) with some space for improvement.   
In both crews, the laborers considered their physical demands lower than the 
masons.  The laborers’ average experience was 22 years in crew A and 7 years in crew B.  
In crew B, extensive measuring and cutting of block and brick veneer (because of the 
layout error) resulted in high mental demand.  In crew B, the temporal demand scores of 
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masons and laborers were both 3.7, which indicates that the time pressure was perceived 
as relatively low.   
Field observations of crew B indicated that the masons had a significant amount 
of waiting time for material and instructions.  In one example, a laborer was waiting for 
20 minutes to ask the foreman about the dimensions of the blocks they needed to cut.  In 
another example, a mason ran out of block, while the laborer supporting him was idle.  
Overall, in project B there was no sense of urgency in performing the work.  An 
important reason for that was that the project was under extensive redesign with many 
design changes and uncertainties.  
SUMMARY OF FINDINGS 
Project Attributes & Work Practices  
The study identifies two groups of factors that contribute to the perceived task 
demands and performance: (1) project attributes and (2) the foremen’s work practices.   
 Layout complexity is due to the following factors: (1) Multiple colors and sizes 
of block and mortar; (2) The shape of the wall, such as curved walls or walls with many 
corners, and (3) The number of wall openings (doors, windows, etc.).  This finding is 
consistent with Thomas & Zarvski (1999).  A complex layout requires more 
measurement steps and has higher potential for errors.  Because of the high mental 
demands, both foremen performed the layout work themselves—this however, did not 
prevent mistakes.  A complex layout also requires and more block handling, measuring 
and cutting.  These tasks reduce productivity and increase the workers’ exposure to 
hazards.   
The complexity of the wall increases the mental load for the masons, as they have 
to know what type/color of block is needed at each course.  To make sure that the correct 
block is delivered and installed at each location, the foreman was marking the wall color 
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on the slab.  This increased the foreman’s mental and physical load but reduced the 
workers’ mental load.   
The wall openings are another area of concern for errors. To reduce the 
likelihood of error (such as omitting an opening, or wrong dimensions), foreman A wrote 
the dimensions of the opening on pieces of duct tape and indicated the center point of the 
openings.  This reduced the mental demand of the masons as they did not have to read the 
drawings, but did not completely eliminate the mental demands, as they still had to 
calculate and measure the dimensions given to them.  
Exposed walls create increased task demands for both laborers and masons. (1) 
Exposed walls require careful handling of the block to avoid chipping it.  This increases 
the physical demand on the laborers because they may have to transport the block by 
hand more (instead of using the dolly).   (2) It increases the mental demands for the 
masons because it requires more accurate placement, and more attention to keeping the 
wall clean of mortar. Defects such as chipped block are not covered with paint and the 
block has to be replaced.  Moreover, even small variations on the thickness and 
straightness of the mortar line are visible and have to be corrected.   
The quality of the block is very important on projects with exposed block walls.  
Lower quality block has high dimensional variation—this causes the mortar joints to vary 
in thickness or to be crooked, with a poor aesthetic result.  If the dimensional variation is 
too high, the crew may have to measure and separate the CMU blocks by size.  This is 
tedious non-value adding work with significant effect on productivity, as it can 
practically double the material handling work.  The quality of other material is also 
important, as illustrated by the rework due to the twisted door frames.  Practices that can 
prevent such problems include procuring high quality block, checking the material when 
delivered at the site, and careful handling of the block.  On project A, the foreman did not 
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check the quality of material and a significant portion of the rework was due to such 
problems. 
On project A, extensive use of rebar increased the physical demand for the 
masons because they needed to hold the block for a longer time and lift it above their 
shoulder height.  The number of work areas also influenced the task demands and 
frustration.  With more work areas, the foreman may provide less instruction and 
inspection for each sub-crew and oversee some mistakes.  Task demands increase for the 
material handlers and forklift operator who have to support more work areas at the same 
time.  This increases the mental load and takes more time to travel to different points 
frequently. This issue is more severe at congested sites. 
Changes in the work plan create high temporal demands for the laborers and 
operator to provide the material, scaffold and housekeeping to the masons.  Such changes 
can also increase the number of work areas. In project B, the frequent changes in 
architectural plans created a climate of unpredictability and frustration and appeared to 
reduce the perceived temporal demands.  
Out-of-sequence work was created primarily due to incomplete work, work that 
was overlooked by the crew, or due to the mistakes of the other trades—such as omitted 
openings in the walls for electrical and mechanical installations. This can happen if the 
electrician and mechanical contractors show up late to mark the penetrations for the 
masonry crew, or miss some of the holes mentioned in the plans. Also, the masonry 
workers may remove the markers of the electrical and mechanical crews by mistake. In 
such situations, regardless of whose mistake it is, the masonry crew has to go back to that 
work area to make the penetrations. This interrupts the masonry work process, and can 
also damage the masonry work in place quality and create rework.    
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Foremen Strategies to Manage Task Demands 
In construction, the field supervisor is the person who performs the work 
design—as a result, field supervisors manage and regulate the task demands.  Field 
supervisors operate within constraints imposed by the organization.  Such constraints 
may include the crew size allocated, the specific workers assigned to the project, the 
work method and equipment available (e.g., type of scaffold, availability of forklift, etc.), 
or the methods for material procurement and delivery.  The two cases indicate the 
following strategies that field supervisors used to manage and regulate the task demands.   
Matching task demands with capabilities.  Foremen typically assign workers 
with higher capability to perform the more complex tasks that require higher accuracy. 
Foremen often perform themselves the layout for walls and openings, and assign leads to 
the most experienced workers.  They also ensure that they have some redundancy in 
critical resources such as the forklift operator. 
Reducing temporal demands.   One strategy that aims at preventing errors 
when the mental and physical demands are high is to reduce the temporal demands.   In 
both cases, the foremen directed their crew to “go slower and do the work right the first 
time.”  However, the significant amount of rework that occurred, suggests that this 
strategy is not sufficient to prevent errors.  
“Shifting” task demands between roles.  This involves increasing the task 
demands of one role (e.g. laborers) to reduce the task demands of another (e.g. masons).  
For example, the foreman “translates” the drawings into instructions that are easier for 
the workers to understand by marking the layout and writing instructions at the work area 
(e.g., on the slab or on tape that he places at the wall openings, etc.).  This reduces the 
mental task demands of the workers.  Interviews and observations of other masonry 
foremen (beyond the two projects described here) have identified additional practices that 
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“shift” task demands from masons to laborers—for example, restacking the block when 
the stack is low (shift ergonomic work load), or laying out the block in ways that 
minimizes the masons’ thinking and searching (shift mental work load).  
Implications of Task Demands for Performance 
The cases provide evidence that the task demands influence performance in the 
following ways:  
 High task demands increase the time required to perform the task and reduce 
productivity.  For example, complex layouts require more measurement and 
calculations.   
 High task demands increase the likelihood of mistakes.  For example, 
complicated layouts with high mental demands have higher likelihood of 
mistakes.  When the laborers transporting block are rushed (temporal demands) 
more block may be chipped.  When the foreman has many areas to supervise, 
more errors may go undetected.  Mistakes are extremely detrimental to 
productivity, because they create rework.  
 Rework does not only involve additional unplanned tasks, but these tasks 
typically involve higher task demands than the normal tasks.  For example, 
removing the face of chipped block requires cutting in awkward positions and 
more time on the scaffold (or a ladder) and more frustration. 
 Finally, additional tasks and rework further increase the temporal demands for 
the planned tasks, as there is less time available for the regular planned tasks.  
They also increase the foreman’s workload that has to plan them, allocate 
resources, inspect them etc.   
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 When task demands of primary tasks increase, resources are drawn from 
secondary tasks—for example housekeeping is reduced, which in turn can create 
conditions that increase the task demands of other tasks.   
Further research is needed to evaluate the extent to which the task demands affect 
specific performance indicators, such as task duration, errors and rework.  
RECOMMENDATIONS 
To increase the masonry crews’ productivity and safety performance, 
management must recognize, manage and/or reduce task demands.  Reducing task 
demands can increase productivity and prevent errors and rework, which often involves 
tasks with even higher demands and hazard exposures.  To reduce and manage 
effectively the task demands of masonry, the study proposes the following strategies. 
Systematically consider task demands when making decisions on equipment, 
methods and crew size.  Tasks with high complexity and mental demands have greater 
likelihood for mistakes—thus, such tasks need to be identified and receive more 
attention.    
Reduce the design complexity that creates high physical or mental task demands.  
However, it is not realistic to expect design professionals to understand how the design 
affects the workers’ task demands.  Thus, the masonry contractor needs to influence the 
design through constructability reviews or to have higher involvement in the design 
process through an integrated project delivery type contractual arrangement.     
Reduce operational complexity by reducing the number of work areas to what 
can be effectively supported by the field supervisor, the material handlers and operator.  
The number of available work areas depends on the work completed by the proceeding 
trades, as well as material availability.  Working on several areas increases the demands 
for planning, supervision, scaffolding, material transport, error identification and 
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housekeeping.  Consequently, it increases the mental and temporal demands for the 
foreman, the support labor and the forklift operator.  Thus, the number of work areas 
needs to match the management and logistics capacity of the crew.   
Prevent errors in horizontal and vertical layout.  Errors in these activities 
typically result in significant rework or additional work (e.g., block cutting).  Different 
foremen use different practices including assigning this task to the most experienced 
crew members, multiple checks and/or organizing the work for error-proofing.  
Prevent rework due to defective material. (1) Procure material of appropriate 
quality to reduce adjustments in the field. (2) Reduce manual handling while protecting 
the block from damage. (3) Check the received material for required quality.  (5) Train 
the crew to recognize inappropriate material and give them the responsibility to reject it. 
As part of their training, the masons are expected to understand the quality requirements 
of the work.  For example, they are expected to know not to use a damaged block on an 
exposed block wall.  The foreman’s practices and expectations strongly influence the 
extent of quality control that the workers perform.  Thus, the foreman needs to make sure 
that the crew understands the acceptable level of quality.  Mock ups and frequent checks 
help workers understand the requirements. Cross-monitoring by the crew members is 
essential for detecting and correcting defects early.  
Prevent out-of-sequence work with proactive and effective coordination with 
other trades like electricians and mechanical contractors.  Coordination between trades 
can be improved with a regular joint planning process like the Last Planner System 
and/or the use of 3D modeling. 
CONCLUSIONS 
To address the research objectives, the study performed the following: 
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 Used the NASA TLX to investigate the different dimensions of task demands—
physical, mental, temporal, etc. in masonry tasks. The findings indicate that 
different crew members have different perceived levels of task demands 
(depending on their role as foreman, mason, laborer or operator) that need to be 
managed effectively in order to avoid overloading the crew members with 
possible negative effect on their performance.   
 Identified task features and work practices that strongly influence the perceived 
task demands.  Because of the limited sample of two case studies, other 
important factors may exist that were not present in these cases.  
 Identified and recommended practices that foreman can use to manage the task 
demands. Other strategies may also exist that were not used in these cases. 
 Provided some evidence that the task demands affect performance and errors.  
However, further studies are needed to understand the effect of task demands on 
errors and performance.    
With regards to research, this study makes the following contributions: First, it 
frames the issue of crew performance as an issue of task demands. Second, it explores the 
different dimensions of task demands using the NASA TLX for the first time in a 
construction context.  The two case studies provide important insights into the sources of 
task demands, the effect of task demands on performance and some strategies that 
foremen use to manage the task demands.  While this study was primarily exploratory, 
future research in this direction is needed to investigate the influence of task demands on 
performance outcomes (errors, delays, incidents), and the effectiveness of different 
strategies for managing the task demands.  Such understanding will result in better design 
of work tasks and processes.   
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The main contribution to practice is that the study identifies several task features, 
work conditions and foreman practices that can generate or mitigate high task demands 
and affect the performance of masonry crews.  The recommendations provide focus areas 
for improving the performance of masonry crews through reducing the task demands.  A 
systematic examination of task demands on more projects is expected to identify more 
practices and opportunities to reduce task demands.  
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Chapter 5 
CONCRETE CONSTRUCTION CASE STUDY 
This chapter presents the findings of a concrete construction case study. This 
case study analyzes the production practices used by two crew supervisors during the 
construction of the concrete structure of a 10-story commercial building. First, the 
chapter presents review of the concrete construction safety and productivity related 
literature. The chapter first presents the case selection criteria and the data collection. 
Second, it presents a detail description of the project, work, organization, and attributes 
of the project. Third, the chapter presents work crews, their arrangement, roles, and 
activities. Forth, the production and safety practices of the crew supervisors gathered 
through several interviews are presented. Then, the chapter presents the task factors and 
project attributes that shaped workers found through survey and personal interviews with 
all field personnel. This section is followed by analysis and comparison of crew 
supervisors’ practices and contribution to minimize the task demands and mitigate the 
effect of them on workers’ performance. Finally, the chapter provides a discussion of the 
findings and summarizes the practices that used by the two crew supervisors that created 
a highly productive and exceptionally safe work system to successfully meet project 
goals and overcome demands.  
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CONCRETE CONSTRUCTION 
Concrete structure is one of the widely used structural systems used for a broad 
range of construction projects including but not limited to residential buildings, 
commercial buildings, industrial projects, highway projects like bridges, and special 
structures like piers, etc. The concrete construction operation consists of three major 
phases including fabricating and installing rebar, assembling and installing formworks, 
and pouring and curing concrete. 
In the concrete building construction, work elements fall under three major 
categories including: (1) foundation and kaysons, (2) horizontal elements including 
concrete slab, floors, and ramps, and (3) vertical elements including columns, shearing 
walls, and elevator shaft.  
CONCRETE CONSTRUCTION LITERATURE 
Concrete Construction Safety 
According to the Bureau of Labor Statistics (BLS) latest report, concrete 
construction with the nonfatal incident rate of 5 per 100 equivalent full-time workers is 
considered as one of the relatively high-risk specialty trades (BLS, 2009). The major 
events that contributed to nonfatal injuries of concrete workers include: (1) struck by 
objects with incident rate of 0.462, (2) fall to lower level 0.438, (3) fall on same level 
0.149, (4) struck against objects 0.123, and (5) overexertion in lifting with 0.102 
incidents per 100 full-time workers. The most frequent parts of body affected in incidents 
were identified as: (1) shoulder with incident rate of 0.37 per 100 full-time workers, (2) 
back 0.171, (3) knee 0.151, (4) ankle 0.146, and (5) feet 0.139 incidents per 100 full-time 
workers.  
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Concrete Construction Productivity 
The reinforced concrete operation includes major activities such as reinforcement 
(rebar work), horizontal and vertical formwork, concrete pouring, concrete curing, and 
post-tensioned cable installation (if applicable). Among all, the formwork erection 
activity is a major element of the work that shapes up to 15% of the total construction 
project cost and 33% of the total concrete work cost (Lai & Hsu, 1992). Thus, with 
regards to the project cost, any improvement in the design and installation of the 
formwork systems would significantly contribute to the overall cost of the project.  
Moreover, since formwork activity is a major element of the concrete work, accelerating 
the formwork installation process directly contributes to the overall project schedule. 
Christian & Mir (1988) identified the work-related factors and features that affect the 
productivity of formwork operation as: (1) type of formwork system and false-work, (2) 
formwork dimensions, (3) type of sheathing, (4) labor relations, skill, experience and 
motivation of carpenter crew, (5) number of wales and studs, (6) number of formwork 
uses, (7) number of inserts, ties, keys and joints, (8) form and surface finish, and (9) 
weather condition. 
Thomas & Zarvski (1999) discussed that the baseline productivity of the 
construction projects is a function of the design complexity. Thus, minimizing the design 
complexity is a critical step to enhance productivity of the concrete construction work 
crews. Thomas and Zarvski (1999) reported the major project features that shape and 
increase complexity of  concrete formworks are: sloped walls, irregular height, panel 
modifications, numerous shapes and sizes of forms, curved walls, finish work 
requirements, penetrations, restricted access, integral columns, and alignment tolerance. 
This finding highlights the role of designers and effect of design on construction 
performance improvement during the design phase.  
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Among different elements of concrete work, Proverb et al. (1999
a
) found that 
column formworks and on-site transportation (crane) are the major determinant factors of 
the overall completion time of the concrete projects. Thus, formwork systems that could 
accommodate work complexities and mitigate the safety risks would be the choice of the 
formwork system. Proverb et al. (1999
b
) ranked four major leading factors in selection of 
formwork systems as: (1) relative cost, (2) concrete specification (quality), (3) degree of 
repetition, and (4) speed of production.  
In the recent years, the tendency to use modular formwork systems has increased 
as an alternative for the traditional timber method. The modular formwork systems use 
standardized, prefabricated forms to make formwork operation easier. Huang et al. (2004) 
reported superiority of the modular systems over the traditional timber methods as: 
substantially and shorter erection time, less skilled labor intensive, reusable (compensate 
for the higher cost), safer pouring operation due to use of stronger form materials, and 
less finish work after stripping because of having smooth surface. The formwork systems 
are offered in different shapes and sizes to accommodate building features. For instance, 
Kim et al. (2005) reported that using modified table formwork system can improve 
construction productivity, reduce labor requirements, accelerate construction schedules, 
and significantly reduce the construction costs. They found that using this method 
reduced the number of workdays by 20% and number of workers by 18%. In terms of 
cost; the material cost reduced by 23.16%, labor cost 20.1%, and total cost reduction was 
21.73% compared to the traditional timber method (Kim et al., 2005).  
The operation of concrete construction is a cyclic process. Thus, to optimize the 
work process it is critical to identify variables in the work cycles, understand their 
contribution to the project output, and eliminate none value adding steps.  
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In concrete construction, the concrete pouring activity is one of the critical steps, 
which is done under time pressure to avoid failing concrete. Thus, accelerating the work 
process and shortening the cycle time is critical in this activity. One of the common 
practices is to minimize concrete trucks’ waiting time on the site. With regards to “lean 
production” concepts, Dunlop and Smith (2004) found that by eliminating the idle time of 
mixer truck and concrete pump there would be a potential to improve productivity of 
concrete placing operation by 25%.  
Sonmez and Rowings (1998) examined different project attributes and task 
factors on the performance of the concrete construction workers. They found a negative 
association between the crew size (number of workers) and workers’ performance in 
pouring and formwork installation activities. This issue would be attributed to 
overcrowding when the number of workers is disproportionate with the quantity of the 
work. They further reported that the quantity of work performed by workers has a 
positive correlation with their productivity. This issue would be attributed to 
repetitiveness of the work and workers’ learning process (Sanders & Thomas 1991). 
However, a recent study reported that availability of material and equipment has the most 
significant impact on the workers’ productivity in the concrete formwork installation 
activity (Muqeem, 2011).  
With regards to safety, Hallowell and Gambatese (2009) found the high risk tasks 
of concrete formwork activity as: applying form oil, lifting and lowering form 
components, and receiving materials from crane.  
PROJECT DESCRIPTION 
The project discussed in this case study was a 10-story concrete structure, office 
building. The layout of the floors was identical from the first to the tenth floor with minor 
changes at the second and ninth floors. Therefore, it created a repetitive work process for 
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the deck work. Each floor was 27,000 sqft., and there were 28 columns and inner core 
walls for the elevator shaft on each floor. Columns were in two different sizes (24"× 24" 
and 28"×28") that their dimensions did not change from the first to the last floor. 
According to the concrete crew superintendent, the layout of the project was not 
complex, and it was easy to set up the deck forms. Moreover, the accuracy requirements 
for the deck work was not high (1" for the slab) because the work was not exposed and 
would be covered by aluminum panels. The critical point was the slab around the elevator 
shaft, which had the highest accuracy requirements.  
The work schedule was to complete the building in 10 weeks (one floor per 
week). The project was executed during the summer in Arizona.  The jobsite was 
congested and different trades were working in each other’s proximity.  
WORK ORGANIZATION 
According to the crew superintendents, the main concern of the contractor was 
the tight schedule of the project. Moreover, execution of the project during the hot 
summer in Arizona (constantly over 110 °F) was another major factor that could 
significantly affect workers’ safety and productivity performance.   
To meet the schedule requirements, the contractor used three specialized crews 
including concrete deck crew, vertical concrete crew, and night crew to work six days a 
week, 10 hours a day. In addition to three concrete crews, there was a rebar crew (rod 
busters). The rebar work was sub-contracted. The concrete work was scheduled to finish 
one floor per week (6 work days). Each floor was divided into two halves, and each half 
was scheduled to be finished in three work days.  
The contractor’s preliminary estimate of the required manpower was 14 workers 
for the deck crew and six workers for the vertical crew. With regards to schedule, during 
the preplanning phase, the deck crew superintendent, who was the main planner, found 
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out that the estimated manpower would not meet the project requirements. Finally, he 
came up with 20 workers for the deck crew, and six workers for the vertical crew. 
Moreover, he decided to add a night crew with six members to accelerate the work 
process and complete the work left over from the day shift. Furthermore, the night crew 
could take advantage of lower temperature during night time and having full-time access 
to the crane. Figure 1 shows the work cycle of the concrete deck crew, vertical concrete 
crew, rod busters, night crew. 
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Figure 1. Concrete crews and rebar crew work cycles 
Crane Schedule 
In this project, crane was the major piece of equipment that all three concrete 
crews and the rebar crew (rod busters) were heavily dependent on that. Therefore, access 
to the crane and crane schedule was a critical issue in this project. The deck crew needed 
to use the crane mostly to fly tables, lift materials like Z metals, aluminum shorings, 
embeds, and 2×4s; the vertical concrete crew needed to use the crane to fly their wall and 
column forms; and the rebar crew used the crane mostly to lift fabricated rebar cages. As 
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shown in Figure 1, overlapping activities of different crews increased demand for the 
crane.  
In the beginning of the project, crew superintendents developed a simple crane 
schedule. The crane schedule was developed according to each crew’s busy day (heavy 
day). The busy days of each crew were as: deck crew on Monday and Thursday, vertical 
crew on Tuesday and Friday, and rod busters on Wednesday and Saturday. During the 
busy days of each crew, that crew had fulltime access to the crane for the whole work 
day.  Although they had a schedule to use the crane, every day the other crews had one 
hour access to crane if they needed to lift something out of sequence. This happened 
through communication between three crew superintendents. For example, they knew the 
rod busters did not need the crane constantly for a whole day because, according to their 
schedule, they could not rig and stack everything on the slab. Therefore, between each 
step of rod busters’ work the concrete crews could use the crane for their critical out-of-
sequence lifts.  
WORK DIVISIONS 
Concrete Deck Work 
The layout of the building was square that made the Table Formwork System a 
good candidate for the deck work. In this system concrete deck formworks were made by 
plywood on the adjustable aluminum tables. Tables were designed in a way to fit around 
the columns. These tables had some folding wings that were set around the columns from 
four sides. Tables also had adjustable legs to be used at different heights. 
The sequence of the deck crew’s activities was as: stripping and flying tables, 
setting up tables, grading tables, filling tables, clean up after stripping, re-shoring, Z 
metals installation (concrete beams), edge forms installation, and embeds installation. 
The concrete pouring operation was done by the pouring crew.  
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The schedule was to pour a half of floor (13,500 sqft) in three work days. 
Mondays and Thursdays were the deck crew’s heavy days, because they had to strip, fly, 
grade, and fill tables of the previously poured half of the deck, and finalize the 
formworks of another half to be poured in the evening. Wednesdays and Saturdays were 
the deck crew’s slow days, and the crew performed with 9 to11 workers and the rest of 
the crew stayed home.  
Concrete Deck Crew 
The concrete deck crew consisted of 18-20 members including one 
superintendent, one deck foreman, two leadmen carpenters, 10-12 carpenters, one grader 
and three laborers. The superintendent was completely in charge of the management 
tasks, and he was the main planner of the whole concrete work. The deck foreman was 
responsible for closely monitoring the crew’s activities. He was also participating in 
stripping and flying table activities. The carpenters’ tasks included stripping and flying 
tables, filling tables, installing Z metals, installing edge forms, and embed. The laborers’ 
tasks included some minor installation work like re-shoring and support activities like 
housekeeping, etc.  
Deck Work Activities 
 
Stripping & flying tables. Stripping tables started with removing edge forms 
and shorings. Then tables were stripped, lowered on the wheels, pushed out, shackled, 
and rigged to the next floor by crane.  This operation would start at 2:00 a.m. on 
Mondays and Thursdays, and would take a whole work day (10-12 hours). There were 24 
tables for each half a floor, and each table was unique in size and weight. The lightest 
table weighted 3000 lb and the heaviest one was 14,000 lb and 75 feet long. The smallest 
table took almost 10 minutes to strip and fly and the largest one took almost 30 minutes. 
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The average cycle time of stripping activity was 15-20 minutes for each table. Tools used 
for this operation were hammer, lowering jack, and wheels. 
The crew consisted of five workers – one leadman and four carpenters. First, all 
five workers would start stripping tables and lowering them on wheels. Then, one worker 
from the setting crew (three workers) who were on the next floor would start getting 
shackles ready to rig the table. In the meantime, the leadman of the stripping crew and 
two workers started stripping another table, and two other workers were pushing the table 
out. The leadman was communicating with the setting crew over the radio to coordinate 
with them to get shackles ready and ask when the table was ready to fly. 
The crew superintendent did not keep the same workers for this stripping and 
flying activity and replaced them with other workers for each floor. His logic was to train 
other workers to do this activity to avoid relying on just few workers’ skills. In case of 
unexpected absenteeism, he could use other workers to perform the task. 
The safety hazard associated with this operation was falling loose Z metals when 
stripping, lowering and moving tables. Z metals are Z-shaped plates used as formwork of 
the concrete beam sides. These plates are installed on the tables; therefore, once tables are 
lowered, Z metals lose their support and may fall down. Workers were supposed not to 
stay under the stripped table area. Another safety issue was pinch point when dropping 
table legs. 
The alternative methods of deck formwork are: 4×4, scaffolding, Ellis shores, 
post in beams, 2×6, aluminum, steel, post with a metal deck, corrugated steel, column on 
flyers, regular table, hand set Perry, hand set tightened, etc. 
Setting up tables. Setting up tables included receiving and landing tables on the 
right spot and pushing table as close to the next table as possible to minimize the gap 
between tables.  This activity was the next step after stripping tables.  
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The setting up crew consisted of three carpenters that one of them was the 
leadman. The leadman would communicate with the stripping crew over the radio to 
make sure which table was flying and navigate the crane operator in landing tables. 
Typically, setting up of each table would take about 15-20 minutes. It took a whole work 
day to set up all the tables for half of a floor. This activity had to be done on the first day 
(Mondays and Thursdays).  
Placing a table on a wrong place was one of the common errors in setting 
activity. To reduce the likelihood of such mistakes, all the tables were numbered and the 
crew members and the crane operator had the layout of the numbered tables in hand. In 
this project the concrete crew did not make any mistake in placing tables. 
After setting up the tables, one or two workers would start grading tables. These 
two workers were specifically responsible for grading and had to finish their work by the 
end of the first day. Sometimes, these two workers helped the stripping crew in dropping 
tables. The common error in grading, as it happened once in the beginning of this project, 
was grading tables at wrong level. To prevent such mistakes the table legs were marked 
at the required height.  
Filling tables. This activity was to fill the gap between the table wings and 
columns, after setting tables around the columns. Filling was mostly around the columns, 
and no gap was expected between tables because they are bumped together, but 
sometimes a gap might be seen between two tables that would be filled by metal or 
aluminum tin. The materials used in filling activity were 2×4 and plywood. The tools 
were hammer, penny nails, and skill-saw to cut 2×4 and plywood. The filling activity 
would start the second day by two workers and continue to fill all tables and finish by 
noon of the third day (before pouring).  
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Re-shoring. Shorings were used to provide extra support for the tables (deck 
formworks). In this work, quick-pop adjustable aluminum shores were used. Each shore 
weighed 40 lb. and there was six feet distance between two shores. There were 250 
pieces of shorings for each half a floor. This activity started the second day when all the 
tables were set up and filled. Shoring was done by three laborers, and it would take about 
six hours for each half-floor. The steps were: measuring, carrying, raising, and plumbing 
up the formworks. Shorings were removed before stripping tables.   
Although this method was not selected by the superintendent and was given by 
the company, he would not select another method, because this one was probably the 
lightest and quickest method. Alternative methods are using 4×4, aluminum scaffolding 
with heads and feet on it, Steel pipes, 6×6 jack or wedges, aluminum props, metal pole 
shore, etc. With regards to safety, carrying 80 shores per day by one worker exerts 
significant physical load, which requires considering safe lifting techniques.   
Z metals. Z metal is used to form the sides of the concrete beams and fill the gap 
between the higher and lower tables. The conventional method is using 2×4 and plywood. 
Z metal is very easy to use and any worker can install it.  
Once all the tables were set up and graded on the first day, three workers who 
participated in stripping tables would do the Z metals the day after. Two of the workers 
would start measuring and laying Z metals and the third one would follow them and nail 
down the Z metals. When the first two workers finished measurement, they joined the 
third worker to finish installation of Z metals. If the crew could not finish it, the night 
crew would continue and finish the Z metal installation. 
The alternative methods for Z metal are: plywood, 2×4, and pony walls. Z metal 
is the fastest method, it is reusable, and not too heavy (14 lb). The only tool required is 
hammer and penny nails. The Z metals were removed the day after all the tables were 
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stripped and rigged. With regards to safety, sharp edges of Z metals and their high 
temperature in summer can cause injuries when carrying them. Thus, workers are 
supposed to wear safety gloves when working with this material. Pinch point when 
hammering Z metal is another typical injury.  
Edge forms. Edge forms were made by plywood and 2×4s at the edge of the 
slab. This is the common method used to make edge forms and there is not any specific 
alternative method for that.  
The edge form installation was done by two carpenters, and it started the day 
after all tables were filled and graded. Usually, during the second day (Tuesday and 
Friday) and some part of the third day (Wednesday and Saturday) the edge forms were 
installed. Edge forms were removed before stripping tables when rod busters finished 
stressing (post-tension cables) the deck. The common injury of doing the edge forms is 
injury by wood splinters.  
 The potential error in this activity would be mistake in measurement. However, 
the crew did not make any mistakes in edge form installation. The most critical part of 
the edge form was around the elevator shaft where the highest accuracy was required.  
Embeds. Embeds are steel plates installed before pouring concrete for future 
installation purposes. Embeds are in different sizes depending on the design 
requirements. Embeds are simply nailed to the plywood using penny nails and hammer. 
The steps of work are: measurement, layout, and installation. There were 250 pieces of 
embed for each half- floor. Embed installation would start on the second day when all the 
tables were setup, but could not be completely done until rod busters finish their work.  
Embed installation was done by three workers. Most of the time, the layout work was 
done by one of the lead workers in the crew who was specifically doing embed layout. 
Typically, one of the workers was helping the leadman in measurement and layout work, 
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and the third one was following them and installing embeds. The crew had a printout 
giving the size and place of embeds to be installed. With regards to safety, embeds have 
sharp edges that workers need to be careful while carrying and installing them. 
Furthermore, during summer embeds get so hot (180-200 °F) that workers need to get 
gloves on when working with embeds. The common errors in embed installation work are 
missing embeds and/or misplacing them.  
Vertical Concrete Work 
The major vertical concrete work was forming and pouring the inner core walls 
and columns. Each floor had 28 columns and inner core walls around the elevator shaft. 
The work cycle included cleaning forms and ties, oiling forms, installing embeds, 
installing rebar chairs, flying formwork panels, setting and plumbing up forms, and 
finally pouring concrete. The size and arrangement of columns were identical from the 
first to the tenth floor. The column formworks were regular metal forms and the wall 
forms were Logik crane-set forms.  
The schedule was to finish columns and core walls of a half-floor in three work-
days. The work cycle would start on Wednesdays with preparation work and finish on 
Fridays with pouring walls and columns. The next work cycle would start on Saturdays 
and finish on Tuesdays.  Tuesdays and Fridays were the vertical concrete crew’s heavy 
days, because they had to fly, set up, and pour all columns and walls for half of a floor. 
The columns and walls were supposed to be ready to pour by 1:30 p.m. on Tuesdays and 
Fridays. The night crew would start stripping column and wall forms 6-7 hours after 
pouring.    
Vertical Concrete Work Crew 
The vertical concrete crew consisted of nine members including one 
superintendent, one carpenter foreman, five carpenters, and two apprentices. The 
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superintendent was mainly in charge of management tasks and the foreman was closely 
monitoring the crew’s performance and participating in the wall form setting activity. 
The carpenters’ tasks included installing embeds, installing rebar chairs, and setting and 
plumbing up the wall and column forms. Apprentices (laborers) mainly performed 
preparation and support tasks including cleaning and oiling forms and ties, cleaning after 
pouring, lifting and handling materials, etc.  
Vertical Concrete Activities 
Formwork & form ties preparation. This activity was to clean and oil wall 
panels and column forms. The whole activity was done by four workers on the second 
day (Mondays and Thursdays). One worker was specifically to check form ties and fix 
them using a grinder.  
Embeds and spreaders. Embeds are steel plates installed in the walls and slab 
before pouring. Spreaders (rebar chairs) are accessories installed on the rebar cage to 
maintain the clearance between form and rebar. These two activities were done by four 
workers on the day before pouring (Mondays and Thursdays). 
Interior core walls formwork . The wall forms were formed by interior and 
outside formworks. To raise the interior forms, the crew used rails that were set up on the 
sides of the wall. This activity was done on Wednesdays & Saturdays by three workers. 
Plumb and square inner core walls. This activity was to check the accuracy of 
walls in terms alignment and being vertical. This activity was done on the second day 
(Mondays and Thursdays) by four workers.  
Flying and setting formworks. This activity was to fly and set up the outside 
wall and column formworks using crane. This activity was done on the third day (Fridays 
and Tuesdays) which was the heavy day of the vertical concrete crew. The whole activity 
would be done by eight workers and finished by 1 p.m. According to the crew 
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superintendent, flying and setting up the wall forms were the most critical activities of the 
vertical crew that four experienced carpenters would perform the task. One of these four 
workers was the crew foreman, and usually the crew superintendent was closely 
monitoring the operation.  
Pouring walls and columns concrete. The vertical crew would perform the 
concrete pouring activity, and it was supposed to be started at 1 p.m. and finished by 5 
p.m. The whole crew (8 workers) would participate in this activity.  
Night Crew 
 
The night crew’s responsibility was to continue the day crews’ work and 
accelerate the work process. The night crew consisted of six workers including the night 
superintendent. The major activities that the night crew would perform for the vertical 
concrete crew included raising wall forms and stripping wall and column forms. The 
activities they performed for the concrete deck crew included lowering table legs, 
installing Z metals, edge forms, embeds, watch and help for pouring deck concrete, 
lifting shores, embeds, and other materials. Due to lack of visibility, the night crew’s 
work was limited to work on the slab. Therefore, lighting was the most important factor 
for the night crew’s safety and productivity. In order to avoid interruptions in the night 
crew’s work process, the day crews generally did the following support work: 
 Setting up lights at proper spots 
 Getting the generator ready 
 Making sure they have all the materials they need 
 Having a clear description of what have been accomplished and what have been 
left off.  
Rebar Crew (rod busters) 
Rebar crew was a subcontractor. Their work included making wall and column 
rebar cages, setting and laying slab rebar, and placing post-tension cables. The rebar crew 
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started flying the fabricated column and wall cages, rebar, and accessories on 
Wednesdays and Saturdays, which were their busy days, and they had fulltime access to 
the crane. They had to finish the slab rebar work on Mondays and Thursdays by noon and 
get it ready for pouring concrete. Also, they had to finish wall and column cage 
installation on Thursdays and Mondays before the vertical crew would start plumbing up 
vertical formworks.  
FINDINGS 
Preparation & Logistics 
Preparation work was a continuous process and was done every day to maintain 
the workflow. In the deck crew, since the workers were mostly continuing and 
completing their current task the next day, they knew what they needed for the next day. 
Preparation work ranged from a simple task like locating broom to clean up to major 
items like wheels for stripping tables, embeds, 2×4, plywood, Z metals, ladders, shores, 
and so on. During the slow days (Wednesdays and Saturdays), when the deck crew had 
just one hour access to the crane, they would use it to lift the items they needed for the 
busy days.  There were two workers who were specifically responsible for checking 
material availability for the busy days. Furthermore, they had to put straps and bundle 
2×4s or put embeds in boxes and get them ready to be quickly lifted by the crane in the 
one hour crane access time.  This way they could maximize the amount of the materials 
lifted while the number of lifts was minimized. Whenever the concrete crew could not lift 
the necessary items during the day shift, they would leave a note for the night crew to do 
it for them. 
In the vertical concrete crew, one worker was assigned to check all forms, tools, 
and materials and fix them if there were any damaged forms or tools for their heavy day. 
This was done the day before the busy day. The worker would check all ties and clean 
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them with grinder to make sure everything works smoothly. Another laborer would clean 
and oil the forms on the ground and make them ready to fly for the next day. Materials 
including 2×4, form oil, and curing compounds would be ordered one month in advance. 
There was a material storage, 100 feet away from the building, that crew would keep 100 
pieces of 2×4 as their material buffer. They needed eight pieces of 2×4 for each floor. 
Material availability would be checked before starting the next floor and they always had 
materials ready a week ahead of time to make sure there would not be any interruption. 
Shared Resources & Potential Issues 
There were two major issues in the logistic of this project; use of the same 
materials and sharing the crane. The deck and vertical concrete crews were using similar 
materials/tools including 2×4, plywood, ladder, straps, etc. Sometimes the deck crew 
workers thought they had enough material (e.g. enough 2×4) for their work, but after few 
minutes they figured that their 2×4s were gone and used by the vertical crew workers. It 
also happened for the straps to bundle 2×4s or other materials to rig them, but again the 
other crew had come and taken them. These issues created some interruptions in the work 
process of both concrete crews and wasted their time to discover what happened to their 
materials. In addition to these two crews, the rebar crew was also using 2×4s for some 
part of their work, especially the longer pieces. The deck crew superintendent noticed 
that there were some broken 2×4s on the deck, which revealed that rebar crew was using 
and breaking the long pieces of 2×4s. In order to avoid further interruptions in the work 
process of the deck crew, the deck crew superintendent decided to load more 2×4s 
(double as much they would) to account for material taken by other crews and to 
guarantee that his crew would have enough material.  
In the beginning of the project the rebar crew would fall behind in the crane 
schedule. Therefore, they needed to borrow the deck crew’s crane time to finish their 
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work. This would affect the deck and vertical crews’ work process and put them behind 
in their own work schedule. If this issue happened frequently, it could create an ill-cyclic 
condition.  Crew supervisors tried to resolve the issue with the rebar crew’s 
superintendent and explain to him how this may affect the whole projects schedule.  
Errors and Effect on the Other Crews’ Work  
According to both deck and vertical superintendents, due to miscommunication 
with the night crew a few errors occurred that affected the crews’ performance. In one 
situation, the vertical crew locked up the power tools in the gang box, while the night 
crew did not have the key of the gang box and could not take and use the power tools for 
a night shift.  
Earlier in the project, the night crew had stripped the column and wall forms, and 
instead of separating and then lowering them to the ground, they had just stacked them on 
the ground on top of each other. This issue created lots of difficulty for the vertical crew 
to separate and sort them to use for the next floor.  
The night crew made similar mistakes three times in reading the plan and 
installing the Z metals on the second floor where they had some changes in the floor 
layout. This issue created rework for the deck crew to remove and reinstall the Z metals. 
To explain and fix the problem the deck crew superintendent left detailed notes for the 
night crew, but they did not work out well. Finally, he directly met and explained them 
how to do that part of the work. 
On the fourth floor, after pouring slab concrete, the vertical crew noticed a 1.5 
inch deflection in the middle of the slab. This issue created extra work for the vertical 
crew because they had already set up the outside wall forms. Therefore, the tie holes did 
not match with the interior wall forms and the crew had to cover the preexisting holes and 
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drill new ones. This extra activity intensified the work process to meet the deadline for 
pouring concrete at 1:30 p.m. 
Both vertical and deck crews missed an embed at early stage of the project. 
Fortunately, the structure engineers approved not to have them and use the other close 
embeds instead. To avoid such mistakes, the crew superintendents created pre-pour 
checklist to control embeds by the foreman and superintendent prior to pouring concrete. 
Work Crew Composition 
According to the deck crew superintendent, “their main concern was to save time 
at any step of the work to meet the project schedule.” Training and instructing crew 
members are two major factors that take noticeable amount of time throughout the life of 
project. This issue is more critical when the crew is formed by workers who do not have 
enough experience of the similar work. The deck crew superintendent’s strategy was to 
“relay on the workers’ professionalism” to overcome the schedule pressure. He 
characterized the most capable workers as people who: 
 Do not need to be baby sitted 
 Already know what they are doing, and do not need much instruction 
 Know the sequence of the work 
 Stay ahead of their task and know what things will happen 
 Look ahead and prepare for the work some steps ahead without telling them 
According to the vertical concrete crew superintendent, the best candidates for 
this project with a tight schedule were “the workers who needed minimum amount of 
instruction and guidance.” Moreover, he kept his key workers (four) from the previous 
projects.  
Both crews consisted of experienced workers. In the deck crew the average work 
experience of the workers was 12.1 years (with highest of 30 years and lowest of 2.5 
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years of experience). In the vertical work crew the average work experience was 16.7 
(with the highest of 30 years of experience and the lowest of 8 years).  
Intra-Crew Policies 
 
Absenteeism policy. In addition to having all skill-sets required to perform the 
given tasks successfully, having the complete crew everyday to meet the daily work plan 
is critical. Unexpected absenteeism of the crew members impacts the crew work plan, 
and puts extra workload on the rest of the crew. This issue not only hurts the workforce 
balance for the work day, but also increases frustration among the other workers, which 
affects the crew performance. 
In order to avoid any unexpected absenteeism in the crew, both superintendents 
had very strict absenteeism policy. In the deck crew the superintendent would give all 
warnings and notices when the workers were hired. Any absenteeism without prior notice 
would result in firing the worker, because they had received all the pre-warnings in 
advance. Furthermore, if any worker were absent with a call ahead, he had to provide 
enough evidence to proof his excuse. Both superintendents had the policy of “No call no 
show means fired.” The deck superintendent considered absenteeism without strong 
excuse as “steeling other workers’ time, which is not fair.” As the result, he had just two 
unexpected absenteeism in his crew during their six months work. 
Things that are not tolerated in the crew. Both concrete superintendents had 
some rules and policies in their crews that any violation from those would result in firing 
the worker. The reason, as stated by the deck crew superintendent is to keep the crew safe 
and avoid interruptions in the work process due to missing tools. In addition to 
absenteeism, the deck crew superintendent did not tolerate the following things 
happening in his crew.  
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 Behaviors: the superintendent would not tolerate “horse play” in his crew, 
because; first, bad things may happen and hurt workers’ safety. These things can 
be sudden reactions and losing balance. Further, the superintendent would 
emphasize on working like professionals and avoid inappropriate behaviors in 
the work environment.  
 Lack of personal tools: workers were supposed to have their personal hand tools 
like hammer and tape measure.  Power tools such as power saw were provided by 
the company.  
The vertical concrete crew superintendent characterized the behaviors that he 
does not tolerate in his crew as: 
 Smelling of alcohol 
 Bad behaviors like frequent conflicts, not paying attention to instructions… 
 Bad attitude (one bad apple in the crew…) 
 Not being tied-off while working over six feet height 
 Ignoring safety issues and not using safety glasses, hardhat … 
 Feedback given in a negative way 
 Not treating each other with respect 
Work Plan Communication 
 
Concrete deck crew plan communication. Typically, the crew superintendent 
would communicate the detailed work plan with his foreman and give him all the details 
he needed to know about the work. During the morning meetings the superintendent 
would explain everybody’s work, what would be done, and when they must finish. His 
strategy was “not overloading workers with too much information to know.” He would 
give enough information workers needed to start their immediate task, and give the rest 
of it to the foreman.  
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The superintendent’s strategy was to repeat the work steps and safety hazards to 
make it as workers’ “second nature.” In order to reaffirm that workers were aware of 
their work and hazards; he talked to them even after or during the lunch time. In order to 
increase awareness in his crew, if the superintendent noticed any mistake in workers’ 
work, he would directly talk to them and let them know what the right way was to do the 
task. Further, he would share and discuss this issue with his foreman to make sure he was 
also aware of this potential issue in the work. 
When some changes happened in the work plan, the superintendent would 
prioritize the changes. If the changes happened in the plan were for the next day, he 
would discuss it during the next morning meeting with his crew. If the changes were 
immediate and related to the current tasks, he would first call the foreman over the radio 
to stop the work, and then he would go onto the floor and explain the changes to the 
crew.  
Vertical concrete crew plan communication. In this crew the general method 
of communicating the work plan was through the morning safety meetings. The 
superintendent was describing the whole work that would be performed during the day, 
and then each worker was told what to do, when to finish, and who the partners were. 
Furthermore, they would review the potential safety hazards that they might face during 
the task performance. Workers were given only their daily work plan and the next day’s 
work was just discussed with the crew foreman.  It was the crew foreman’s responsibility 
to frequently check workers’ performance and answer their questions. In addition to 
foreman, the superintendent also would check their work periodically to make sure they 
had understood their work and were performing well.  
Communicating the work plan with the entire crew would increase the crew’s 
awareness about the work situation. This can also reduce the number of the follow up 
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questions regarding the work and saves the crew supervisor’s time to answer them 
individually. Further, they will be aware of the potential hazards that they may face 
during their task performance.  
Giving just the daily detail work plan would contribute to avoid overloading 
workers with unnecessary information for their current task. This approach would reduce 
workers’ mental workload to memorize the pieces of information that they do not need 
for their immediate task. Moreover, workers may forget the details given for the next 
tasks, which increases the number of follow up questions and the superintendent or the 
foreman will need to repeat the same things over and over. So, it is important to give 
right information at a right time. Having several check- points or checking agents 
including the superintendent, foreman, and lead guys would strengthen the error detection 
to catch any mistake in the work process. 
WORK DIFFICULTY ASSESSMENT 
Both superintendents assessed the difficulty of this project 7 out of 10. The deck 
crew superintendent considered this project not difficult, but more repetitive, because 
floor layouts were almost square and identical with minor changes on the second and 
ninth floors.  
The vertical crew superintendent attributed the moderate project difficulty to: (1) 
having identical columns from the first to the last floor, (2) working at the same place 
(few minor works at other points), and (3) having not too tall walls (11') compared to 
their previous job with 44' height. Both superintendents mentioned the tight schedule and 
temperature in summer in Arizona as the major project attributes that created some 
difficulties.  
TASK DEMANDS ANALYSIS 
Concrete Deck Work Task Demands 
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In order to reduce workers’ task difficulty, the deck crew superintendent had 
made some modifications to the execution method and tools.  Deck formwork tables were 
designed in a way to fit around the columns using wings. When wings were raised they 
would fit around the columns, which minimized the amount of measurement and use of 
power saw to cut plywood for filling purpose.  
In order to make a safe rig and make it easier to control tables when being lifted 
by the crane, the superintendent decided to use a compensator cord. This cord provided 
extra support for the flying table and helped the crane operator safely lift the table. It was 
critical to know which table was flying and going where. To eliminate the likelihood of 
mistake in landing tables, all the tables were numbered and workers had print out in hand 
to find the place of each table. To set up tables in their right place, the superintendent 
provided workers with rubberized jacks, which made it easier to beat tables and set them 
up. Another mentally demanding activity was grading tables, which created some 
mistakes in the beginning of the work. To eliminate this mistake, the table legs were 
marked at the appropriate height. 
Heat was one of the major physical demand factors. High temperature increases 
likelihood of dehydration, one of the main causes of incidents in summer. Moreover, heat 
reduces workers’ productivity which directly affects the progress of the project. In order 
to compensate for the productivity loss, the superintendent decided to load his crew with 
more manpower. To reduce the risk of incidents due to dehydration, during the morning 
safety meetings the crew superintendent would teach the major symptoms of dehydration 
to his workers. These symptoms are (1) bad body odor, (2) stop sweating, and (3) 
headache. This way he tried to increase workers’ awareness about dehydration and to 
hold workers responsible to monitor their coworkers’ wellness. If workers noticed any of 
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these symptoms they were supposed to help the worker, take him under shade, and give 
him plenty of water. 
Task Demand Survey and Interviews 
Before conducting the survey, the crew superintendents were asked to 
subjectively rank their crew members based on their capabilities. Then, using the NASA-
TLX questionnaire, authors surveyed all the crew members of both crews. The total 
demand score for each worker was calculated as the summation of the mental, physical, 
and temporal demands. The survey was followed by short personal interviews to find out 
the major sources of task demands from the workers’ perspective. 
Deck Crew TLX Survey and Interview 
Table 6 presents the results of TLX survey of the concrete deck crew, and Figure 
2 shows the average demand scores of the deck crew workers.  
According to the personal interviews, the schedule was the major cause of temporal 
demand for all the crew members. Carpenters identified stripping and setting up tables as 
the main causes of physical demand. The laborers considered lifting heavy items 
manually due to unavailability of mechanical tools, lifting and installing shores, and 
climbing over the ladders while carrying tool belt as the major causes of physical 
demand. From the grader’s perspective, beating the heavy legs of the tables to set up and 
grade them was the main cause of physical demand. The carpenters found “thinking and 
planning for the next step” as the major cause of mental demand. Laborers found safety 
while working on the rebar as the major mental load. The grader considered remembering 
all the grades and measurement as the major mental demand factors.  
The major sources of frustration from the carpenters’ perspective were; rushing, 
not having material on-time, and poor performance of the night crew. Laborers found 
lazy co-workers, last minute tasks, late requests by the rebar crew, and lack of teamwork 
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as the major sources of frustration. The grader found the defective table legs as the most 
frustrating issue. Table 7 presents the major sources of task demands and frustration from 
the deck crew workers’ perspective. 
Table 6 
 Deck Crew’s TLX Survey Results 
Role 
Demand Factors 
Performance Effort Frustration 
TLX 
Score Mental  Physical  Temporal 
Superintendent 10 5 10 1 10 9 45 
Carpenter 8 10 9 4 10 3 44 
Carpenter 5 5 8 1 10 10 39 
Carpenter 10 5 8 1 10 10 44 
Carpenter 9 10 10 2 10 1 42 
Carpenter 7 9 10 2 10 9 47 
Carpenter 9 8 7 3 9 8 44 
Carpenter 8 7 8 1 10 6 40 
Carpenter 5 7 7 4 5 1 29 
Carpenter 8 8 9 2 8 8 43 
Carpenter 6 8 10 3 9 4 40 
Deck Foreman 10 10 8 1 10 1 40 
Foreman 8 6 8 2 10 7 41 
Grader  10 5 8 2 8 7 40 
Laborer 10 10 8 3 10 3 44 
Laborer 5 7 5 3 10 3 33 
Laborer 8 8 8 3 8 2 37 
Leadman 10 8 10 1 10 8 47 
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Figure 2. Average demand scores of deck crew workers. 
Table 7 
Task Demands in Deck Crew 
Role Mental Demand Physical Demand Temporal 
Demand 
Frustration 
Carpenters Planning for next 
step (2) 
Order of 
stripping tables 
Setting up edge 
forms 
Checking straps 
for rigging 
Layout (foreman) 
Safety 
 
Raising & lowering 
table legs (3) 
Frequently bending to 
install embeds & forms 
(2) 
Pushing tables (2) 
Setting tables  
Heat 
Climbing over ladder 
with tools 
Setting rails 
Schedule Rushing (3) 
Not having 
material on-time 
(2)  
Night crew – they 
don’t perform well 
and leave things to 
the day crew (2) 
Tables legs don’t 
work well 
Run out of water 
frequently 
Long days 
Doing several tasks  
Laborers Safety while 
working on rebar 
Lifting heavy stuff 
using rope (no 
mechanical tool) 
Lifting & installing 
shores 
Climbing over the 
ladder with tools 
Schedule Lazy co-workers 
Last minute task to 
be done 
Rebar guys ask for 
something too late 
No teamwork 
Grader Remembering all 
grades 
Check 
measurements 
Hitting table legs Schedule Table legs don’t 
work well  
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Vertical Concrete Work Task Demands 
The major concern of the vertical crew superintendent was making mistakes in 
pouring concrete due to diversity in concrete mixes used for columns.  To avoid such 
mistakes, the superintendent, with engineers’ approval, decided to reduce the variability 
in concrete mixes. He simplified the process and decided to pour 8,000 psi concrete for 
all 8,000 and 7,000 psi columns. For the inner core walls and 5,000 psi columns he 
poured 6,000 psi.  
Embed installation was another critical issue. The crew missed an embed in one 
of the columns on the second floor. To avoid such mistakes, the superintendent 
developed a pre-pour checklist to control all components before pouring. The checklist 
included dimension of the columns, number and place of embeds, rebar chairs, etc. 
Everything was checked first by the workers, then by the foreman, and finally the 
superintendent would check everything before pouring the concrete.  
Vertical Crew’s TLX Survey and Interview 
Table 8 presents results of the TLX survey of the vertical crew, and Figure 3 
shows the average task demands assessed by the vertical crew workers.  
From carpenters’ perspective, the major sources of mental demands were: looking and 
planning ahead for the next tasks, measurement and plum-ups, and find a way to make 
work easier. From laborers’ perspective, safety was the main factor creating their mental 
demand. Carpenters attributed the physical demand mainly to: 1) heat- from sun and fresh 
concrete, 2) manual handling of heavy items (no mechanical equipment available), and 3) 
climbing over wall forms while carrying tools. The forms used for the walls were not 
designed to climb up, which created difficulty for the workers during setting up the wall 
forms. Most of the heavy lifting was related to setting up the column formworks. 
Laborers found manual handling of heavy items as the main source of physical demand. 
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Both carpenters and laborers found the tight schedule as the main source of temporal 
demand. Moreover, carpenters considered out-of-sequence work as another major factor 
that increased the temporal demand. Laborers mentioned working at multiple locations as 
another source of temporal demand. Carpenters found the most frustrating issues as: lack 
of information to do their tasks, delays by the night crew, changing plans and the way to 
do the work by superintendent, and schedule pressure.   
Table 8 
 
Vertical Crew’s TLX Survey Results  
Role 
Demand Factors 
Performance Effort Frustration 
TLX 
score Mental  Physical  Temporal 
Supervisor 8 6 9 3 8 7 41 
Leadman 7 8 8 4 8 8 43 
Foreman 9 7 7 3 7 7 40 
Carpenter 6 10 7 4 8 10 45 
Carpenter 7 8 8 3 9 8 43 
Carpenter 8 10 7 3 8 1 37 
Carpenter 10 6 7 4 5 4 36 
Carpenter 5 8 7 3 9 3 35 
Apprentice 6 7 8 4 8 7 40 
Apprentice 8 8 7 1 8 2 34 
 
 
 
Figure 3. Vertical crew’s average task demand scores. 
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From laborers’ perspective, their frustration was mainly due to: work at multiple 
locations, frequently changing work plans by superintendent, rework, mistakes due to 
superintendent’s lack of work knowledge, etc.  Table 9 presents the major sources of task 
demands from vertical concrete crew members’ perspective. 
Table 9 
Task Demands in Vertical Concrete Crew 
Role Mental Demand Physical 
Demand 
Temporal 
Demand 
Frustration 
Carpenters Looking & 
planning ahead 
(3) 
Measurement & 
Plumb ups (2) 
How  make things 
easier (2) 
How do the work 
Not covering 
embeds while 
pouring 
Situation 
awareness 
Heat- from sun & 
fresh concrete (4) 
Lifting heavy 
items manually- 
no mechanical 
equipment (2) 
Climbing over 
wall forms while 
carrying tools (2) 
Flying & pushing 
wall forms 
Pouring concrete 
with bucket- 
when no pump 
available 
Tight schedule 
(7) 
Out of sequence 
work  
Lack of information 
to do the task (4) 
Night crew is 
always behind (2) 
Changing plans -
superintendent 
doesn’t know 
exactly what and 
how to do (2) 
Schedule pressure 
(2) 
Waiting for crane 
Lack of material 
Repeat things we 
need to upper 
management 
Work @ multiple 
locations (foreman) 
Laborers Safety (1) Lifting heavy 
items manually- 
no mechanical 
equipment 
(power lift) 
Tight schedule 
(2) 
Working @ 3 
different 
locations (2) 
Work @ multiple 
locations 
Changing plans 
Rework 
Mistakes are due to 
superintendent’s 
fault – he doesn’t 
tell us exactly what 
and how to do 
Heat  
Not much work to 
do 
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ANALYSIS & DISCUSSION 
This section presents the analysis of two concrete crew supervisors’ work 
practices.  
In this project, the tight schedule was the crew supervisors’ main concern. Thus, 
the intention was to employ a work system that would accelerate the pace of work, while 
it was highly safe for the workers. The following sections present the quality of 
supervisors’ work practices and their contribution to project goal. Furthermore, the two 
supervisors’ work practices are compared qualitatively. 
Specialized Crews; Pros & Cons  
The organization of the concrete work was to rely on specialized crews and using 
overlaps to accelerate the work process. Advantages of work specialization are 
categorized into two major categories: (1) benefits for the supervisor and (2) benefits for 
the workers. Human beings have limited mental and physical resources to utilize to 
perform their tasks. Thus, performing fewer tasks leaves more opportunity for workers to 
allocate their resources to learn the details of the given task.  
Supervising smaller crew that specializes in few tasks reduce supervisor’s work 
complexity, which enables him to utilize his mental and time resources to perform a more 
effective supervision. From a quality control perspective, supervisor can perform a close 
observation of the crew activities and do frequent checks to make sure everything is done 
correctly. The increased number of quality checks reduces the likelihood of overseeing 
errors during the task performance and helps supervisor catch them before going to the 
end of the production line. Moreover, when the supervisor manages a smaller crew he 
would be able to create a better understanding of his crew members’ capabilities to assign 
tasks accordingly. 
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With regards to safety, specializing in fewer tasks enables crew supervisor to 
analyze and identify the potential safety hazards and risks associated with tasks they will 
perform and to give precautions to his crew members. Moreover, frequent and close 
observations of crew activities help supervisors check their workers’ conditions like 
fatigue, dehydration, etc. to avoid unfavorable consequences.   
From a human factors perspective, when workers perform fewer tasks they need 
to allocate less resources like mental resource (long-term and short-term memories) to 
learn details of the tasks and memorize the required features of the tasks like dimensions, 
grades, and so on. Therefore, they would be able to learn tasks faster with more details 
which can reduce the number of follow up questions and help the crew supervisor avoid 
over utilizing his mental and time resources to repetitively explain work details.  
Having a night crew in this fast-pace project created an extra capacity for the 
concrete contractor. As discussed earlier, crane was the main piece of equipment that 
concrete crews and rod busters were heavily dependent on that and needed to share it 
during the day shift, which created a bottle neck. The night crew’s full-time access to 
crane, to a large extent, resolved the crane time issue of the day crews. The night crew 
was doing some critical lifts for the day crews, which would save day crews’ time and 
minimize interruptions, especially during their heavy days. Thus, instead of doing non-
value adding or out-of-sequence activities, the day crews could focus more on installation 
activities. 
Although the night crew had some predefined tasks to do, they did not have a 
specified work plan similar to the day crews, which allowed them to participate in 
different tasks of deck crew and vertical work crew. This flexibility in work assignments 
provided an opportunity for the concrete contractor to fill the gaps and shortcomings of 
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the day shift because of limited access to crane or other delays due to unexpected 
situations.      
With regards to safety and productivity, lower temperature during the night shift 
contributed to crew productivity and reduced the likelihood of dehydration, which was 
the main concern of working in the summer in Arizona.   
Besides the advantages of working during night time, it has some drawbacks that 
leave the contractor with some trade-offs to decide whether or not to use the night crew. 
Galy et al. (2008) found that due to lower visibility (lower light) and sleep deprivation the 
risk of accidents increase during night shift compared to the day shift. Moreover, sleep 
deprivation reduces workers’ physical performance, mental performance, and reaction 
time.  
Specialized Crews & Coordination Issues 
From teamwork perspective, having two concrete crews, a night crew, and a 
rebar crew created a work environment, in which effective inter-crew coordination was 
vital.  Although a great deal of coordination was done during the preplanning phase, 
unpredicted situations during the execution phase required more effective coordination 
among the crew supervisors. These situations are primarily attributed to task dependency 
between crews and sharing resources (crane, material…). 
The crane time allocated to each crew during the preplanning phase did not meet 
crews’ needs. Through coordination between crew supervisors they identified the times 
that they could release the crane to other crews for few minutes to do their out-of-
sequence or urgent lifts. This method of micro-time management extracted and 
revitalized the resources (time and crane) which already existed in the system, but were 
not taken into account during the preplanning phase. Moreover, the concrete crews’ 
supervisors would borrow some workforces from each other when they needed to 
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accelerate their work process and avoid unfavorable consequences on the other crews’ 
work. The coordination between crews contributed to fill the production gaps and 
balance resources to mitigate the impact of crews’ delays on each other’s work. 
Communication & Coordination with Night Crew  
Miscommunication was the main issue between the day crews and the night crew. 
From teamwork perspective, having one line of communication and consistency in 
commands are critical to ensure the outcome. Although they had the deck crew 
superintendent as the link between the day crews and the night crew to keep consistency 
in communication, the issue was not resolved.  
The occurrence of errors was mainly attributed to the gap (4-5 hours) between 
the day and night shifts, which created a disconnection between communicators. 
Superintendents did not have any chance to meet and exchange their requests and clarify 
them, and the communications were limited to the written notes. The issue was resolved 
once the deck crew superintendent met and explained the steps for the night crew 
superintendent face-to-face.  
Execution Methods Selection 
Concrete deck work method. At concrete deck work, contractor used traditional 
timer method for the edge forms. In order to accelerate the work process and overcome 
the schedule pressure, for the deck forms, beam sides, and shoring the contractor used 
alternative methods instead of the conventional method of using wood formworks. Tables 
5-7 present the comparison of these alternative methods with the conventional timber 
method to illustrate superiority of these methods when speed is the main concern. 
Aluminum table vs. conventional method. According to the crew 
superintendent, this operation was the most critical one for the deck crew from both 
safety and productivity perspectives. With regards to productivity, since setting up the 
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tables was the initial step for making each floor, therefore any error or delay at this step 
would affect the following steps including rebar work, vertical work, and concrete 
pouring.  
Aluminum table forms were delivered preassembled to the site. Compared to the 
conventional method, as presented in Table 10, aluminum table forms had four fewer 
tasks (steps), and consequently the potential errors and safety risks associated with these 
tasks were eliminated. Thus, this method required fewer and faster steps, which is an 
optimum condition to accelerate the work process. 
Although the crew did not have to do any layout work to make deck formworks, 
they had to follow the sequence of stripping and flying tables and landing them according 
to the layout given to the crew. In order to reduce the likelihood of landing tables on a 
wrong spot, the setting crew and the crane operator were given the layout of the tables 
with the numbers assigned to each table. This method reduced the mental (thinking) load 
of the workers and coordination with the crane operator, and consequently no mistake 
occurred after having the layout of the numbered tables. At this step, the speed and 
accuracy in flying and landing tables were not only dependent on the setting crew’s 
performance, but also were dependent on the crane operator’s performance as well.  
With regards to safety, this operation was critical at two points of time. First, 
when the crane pulls out and rigs the table to the next floor there is risk of falling table. 
Therefore, the flying area (ground) below the table must be kept clear from people and 
passing equipment during the flying time. Second, when the crane lowers on the next 
floor the setting crew workers are at risk of being hit by the flying table, which would 
cause severe injuries or even fatality.  
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Table 10 
Comparison of Concrete Deck Formwork Methods 
 Conventional Method Aluminum Table Formworks 
Potential errors Safety risks Potential errors Safety risks 
Layout 
Mistakes in 
reading plans 
N/A N/A N/A 
Measure 
plywood & 
2×4 
Wrong 
measurement 
 
N/A N/A N/A 
Cutting  
plywood & 
2×4 
Mistakes in 
cutting (shorter or 
longer pieces) 
Hit by power saw 
N/A N/A 
Assemble 
pieces 
Loose assembly 
Assembling 
wrong pieces 
Hit by nailgun or 
Smashing fingers 
while hammering 
N/A 
(delivered 
preassembled) 
N/A 
Setting up 
Deck 
formwork  
Loose installation 
Mistakes in 
distance between 
joists & wood 
battens  
Damaging 
formworks 
Fall from 
elevation  
 
Hit by nailgun or 
smash fingers 
while nailing 
Landing tables on 
a wrong spot by 
crane operator  
Mistakes in 
grading (leveling) 
tables 
Incomplete & 
loose filling tables 
(around columns) 
Hit by flying 
tables 
 
Lowering 
table legs on 
workers’ feet 
 
Hitting tables 
by hammer to 
set them up 
(ergonomic 
load) 
Stripping 
Tables 
Damaging 
formworks 
 
Fall from ladder 
Wood splints  
Stripping out of 
the given sequence 
Falling loose 
Z- metals 
Pushing heavy 
tables out 
(ergonomic 
load) 
Falling tables 
while flying 
(supported by 
compensator 
cords) 
 
Z metals vs. timber method. Using Z metals instead of plywood and 2×4 to 
make the beam sides reduced the number of work steps from six to two (Table 11). 
Eliminating these steps consequently reduced the likelihood of potential errors and 
workers’ exposure to safety risks compared to the conventional method. In this method 
the focus is just on installation, not making the formworks on the jobsite. Moreover, Z 
metals do not get damaged that eliminates the material waste and need for labor and 
  95 
material to remake forms for the next floors. Compared to the conventional method, Z 
metals installation does not require any expertise and anybody in the crew would be able 
to install them. This point gives more flexibility to the contractor to assign less 
experienced workers to do this task and shift experienced workers to complex tasks. 
Table 11 
Comparison of Z Metal with Conventional Method 
 Conventional Method Z metals 
Potential errors Safety risks Potential errors Safety risks 
Reading 
plan 
Mistakes in 
reading plans 
N/A N/A N/A 
Measure 
plywood & 
2×4 
Wrong 
measurement N/A N/A N/A 
Cutting 
plywood & 
2×4 
Wrong cutting Hit by power saw 
N/A N/A 
Assemble 
forms 
Putting wrong 
pieces together 
Damaging 
(splinting) forms 
while nailing 
Smash fingers 
using hammer 
or 
Hit by nailgun 
N/A N/A 
Installation 
Loose installation  
 
Loose supports 
(shims) to adjust 
for the height 
Smash fingers 
while using 
hammer 
 
Loose installation Sharp edges 
Getting too 
hot in summer 
(180-200 F) 
Smash fingers 
when 
hammering 
or 
Hit by nailgun 
Bend over for 
long time to 
nail Z metals 
Stripping 
Damaging 
formworks using 
crowbar 
(breaking…) 
Splinters in hand  
Fall from ladder 
 N/A 
Sharp edges 
Too hot in 
summer 
 
 
Quick-pop Aluminum Shores vs. Timber Shores. Using quick-pop aluminum 
shores eliminates the process of making shores on the jobsite, which shortens the whole 
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process with less potential for errors and safety risks (Table 12). This eliminates the 
likelihood of errors in measuring and cutting wood shores to adjust for the height, 
therefore it contributes to avoid wasting material and time to remake the shores. 
Table 12 
Shoring Methods Comparison 
 Conventional Method Quick-Pop Aluminum Shoring 
Potential errors Safety risks Potential errors Safety risks 
Layout 
Mistakes in finding 
& marking shoring 
places 
N/A 
Mistakes in 
finding & 
marking shoring 
places 
N/A 
Measure 
2×4 
Wrong 
measurement 
N/A N/A N/A 
Cutting 2×4 Wrong cutting Hit by power saw N/A N/A 
Assemble 
pieces 
Putting wrong 
pieces together 
Making short/long 
pieces 
Damaging 
(splinting) shores 
while nailing 
Smash fingers 
using hammer 
or 
Hit by nailgun 
N/A N/A 
Shore 
installation 
Installing at wrong 
place 
 
Loose installation 
(defective/loose 
supports) 
Smash fingers 
using hammer 
 
Installing at 
wrong place 
(easily removed 
& reinstalled) 
 
Loose installation 
(can be easily 
adjusted & fixed) 
Lifting & 
carrying many 
shores (80 
pieces per day) 
Risk of MSD 
 
Shore 
removal 
Damaging shores 
using crowbar 
(break…) 
Splinters in hand 
Fall from ladder N/A 
Heavy lifting 
(many pieces) 
 
Compared to the conventional method, these shores are easy to adjust and do not 
require shims to adjust the height, and the worker can keep adjusting the height until the 
shore touches bottom of the slab. In this project, shoring workers had to set up at least 80 
shores in half of a work-day. Thus, from an ergonomic perspective, this task is physically 
demanding to lift, carry, and set up this number of aluminum shores in half a day work. 
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This method also does not require experienced workers, and in this project three laborers 
were doing the shoring task.  
Concrete walls method. According to the vertical crew superintendent, flying 
and setting up the wall forms were the most critical part of their work, from both the 
safety and productivity perspectives. The Logik crane-set forms were used for the 
concrete walls. Large panels used in this method cover larger area of the wall which 
requires fewer panels and consequently fewer crane lifts. Therefore, the number of lifts is 
minimized while the amount of formwork lifted is maximized. This formwork needs few 
form ties which accelerates the form installation and setting process.  
With regards to safety, when the crane lowers the panel is the critical moment because 
workers are at risk of being hit by heavy flying forms, which can cause severe injuries. 
Moreover, smashed fingers and pinch point are common injuries of working with these 
heavy panels.  
In order to ensure the success of form setting activity, the crew superintendent 
relied on the workers’ experience and task specialization. Constantly using same four 
workers to do this operation gave them the opportunity to learn the operation with more 
details and understand the potential hazards associated with that. Similar to the deck 
formwork installation, an effective coordination between the crew and the crane operator 
was crucial to accurately lower panels at the right spot. From safety perspective, this 
coordination was critical to avoid workers being caught between rebar cage and the wall 
formwork panels.  
Crew Capacity & Workflow Control 
In order to meet the project requirements, the crew supervisor needs to provide 
and maintain sufficient capacity in his crew. The capacity is discussed under two 
different categories; workforce and logistic. From workforce perspective, both 
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superintendents tried to provide enough capacity for their crews through hiring 
experienced workers who had experience of similar works with enough capability to 
perform tasks with minimum instructions. In order to ensure that crew performs 
consistently throughout the lift of project, the crew supervisor needs to maintain his crew 
capacity as initiated the project. The rigid absenteeism policies and intra-crew rules are 
interpreted as tools to stabilize the crew and avoid fluctuations and surprises during 
project life span. As a result, there were just two unexpected absenteeism during the six 
months work that one resulted in firing the worker.  
Rotating workers to different tasks in the deck crew increased the understanding 
about the details of tasks in the whole crew. Therefore, the superintendent had flexibility 
in forming sub-crews to perform different tasks, especially in stripping and flying deck 
formworks. This approach would contribute to maintain crew’s effectiveness and avoid 
relying on few workers’ skills. In the deck crew, since the foreman had capability to 
participate in all tasks he was considered as an extra resource to balance the crew 
capacity at any point they needed to accelerate the work. 
Bottleneck & critical resources 
In order to accelerate the work process of the deck and vertical concrete work, 
the contractor selected the formwork systems which had larger but fewer panels to cover 
a larger area. Since all these formworks were delivered preassembled to the site, they 
were less labor intensive compared to the traditional timber method. Therefore, the crew 
just focused on the preparation and installation tasks while the assembly phase was 
completely eliminated, with exception for the edge forms.  
Using large-heavy deck tables, large-heavy wall panels, and rebar cages 
increased the demand on the crane. Thus, the crane turned out to be a critical resource or 
a bottleneck in the concrete work process that the major portion of the work was heavily 
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dependent on availability and access to that. This issue required a detailed crane schedule 
according to the crews’ needs.  In order to avoid unexpected interruptions in the work 
process, it requires to proactively considering an alternative for the crane in case of 
breakage. When these formworks are used in multi-story buildings finding an alternative 
for the crane is a difficult issue, which creates a critical situation, especially when the 
schedule pressure is high.  
All crews’ need to 2×4s and straps to bundle materials for crane lifts turned them 
into a bottleneck, which decelerated the work process during the initial phase of the 
project. This issue had not been identified and addressed during the preplanning phase 
and affected the work process, although looked simple. This reveals that preplanning may 
not identify and address all the potential safety and production issues, and planning 
should be a continuous process during the execution phase to resolve such situations.    
Task Demands & Deck Crew Supervisor’s Contribution  
With regards to mental demand, numbering the deck table formworks reduced 
the workers’ thinking load and consequently the likelihood of error to figure out the 
sequence of stripping and flying tables. Since the stripping crew, setting crew, and the 
crane operator had the layout of the numbered tables, it also reduced the need for 
coordination between sub-crews. As a result, the deck crew did not have any mistake or 
rework due to error in stripping and setting tables on a wrong spot. Interestingly, still the 
sequence of stripping tables was mentioned by one of the workers as a major mental 
demand factor, although the crew had the numbered layout of tables.  
Marking the table legs was another contribution to reduce the graders’ mental 
load. Using this simple method the graders’ do not need to memorize different grades, 
therefore, the likelihood of errors due to wrong grades decreases. Furthermore, it reduces 
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the need for measurement which has high potential for errors. This method was applied 
as the response to few errors occurred at early steps of the project. 
With regards to physical demand, using rubberized jacks to beat and set up 
tables reduced the ergonomic load on workers wrists which could accelerate the task 
performance.  
The design of tables and using wings in a way to minimize the filling work was 
another contribution to workers’ physical demand. The table wings were designed to 
surround the columns leaving a small gap between table and columns. Reduction in 
amount of filling task means less use of power saw to cut plywood, which consequently 
reduces the workers’ exposure to risk of being hit by power saw.  
According to the deck crew workers’ interviews, working with heavy deck table 
formworks was the main source of physical task demand, although the superintendent 
had modified the method to make it easier to use.  
The strategy of giving just the information needed for the immediate task 
would contribute to reduce workers’ metal workload. When workers’ are given smaller 
pieces of information for their current task, they do not need to utilize their mental 
resources to memorize unnecessary information that they may need for the next tasks. 
Therefore, they will be able to memorize more details of their current task which helps to 
reduce the workers’ confusion and consequent follow up questions. Moreover, the crew 
supervisor does not need to overspend his time to repeat instructions, because workers 
can better memorize smaller pieces of information with more details.  
Task Demands & Vertical Crew Supervisor’s Contribution  
With regards to mental demand, reducing the diversity in the concrete mix was 
the major contribution of the vertical crew’s superintendent. Simplifying the operation 
and using two concrete mixes instead of four reduced the mental demand and task 
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complexity. This practice minimized the need for matching the concrete mix with column 
dimension, which would minimize the likelihood of errors in concrete pouring activity. 
Moreover, the crew did not need to stop and switch the concrete pump to different trucks, 
which would take a noticeable amount of time for the pump operator. Therefore, the crew 
could sequence the pouring operation more effectively with minimum interruption to 
switch the pump.  
TLX results comparison between crews 
Figure 4 illustrates the comparison of task demands perception in the two crews.  
 
Figure 4. Task demands comparisons in crews A & B 
As shown in Figure 4, the deck and vertical crews’ perceptions of the physical 
demand were similar and below the critical area (9 and 10). This would be attributed to 
little assembly work performed at the jobsite, less need to operate power tools to cut, and 
use of preassembled panels which would be lifted by crane. For mental and temporal 
demands, workers showed higher perception of task demands in the deck crew compared 
to the vertical crew. This would be attributed to more tasks and steps of work in the deck 
work compared to the vertical work, while the time allocated to finish each floor was 
equal for both crews. Therefore, the density of work versus the allocated time in the deck 
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crew was higher than the vertical crew. Moreover, performing more tasks required 
utilization of more mental resources to learn the details of the tasks and perform them. 
The level of frustration in both crews was similar, 5.6 and 5.7 for the deck crew 
and vertical crew, respectively. In the vertical crew, carpenters and laborers were 
frustrated because of the frequent changes in the work plan and method of performing the 
tasks by the superintendent and lack of information to do their tasks. Moreover, they 
attributed rework and some mistakes to superintendent’s lack of competency and work 
knowledge. These issues were directly attributed to superintendent’s lack of experience in 
the concrete building projects. He had worked in highway project for several years, and 
this project was his first concrete building experience. The superintendent was learning 
the work process parallel to his crew, and he would not be able to stay ahead of them in 
some cases. In the deck crew, rushing to do the tasks was the major source of frustration. 
This issue was consistent with the high temporal demand and the number of tasks 
performed by the deck crew. Compared to the vertical crew, there was no complain about 
the plan changes or superintendent’s knowledge of work. Both crews complained about 
the night crew’s performance and delays. This issue was consistent with the findings 
regarding the rework in the beginning of the project due to night crew’s mistakes.  
The workers in the deck crew showed higher performance satisfaction compared 
to the vertical crew workers, which was 2.2 and 3.2 for the deck crew and vertical crew, 
respectively. As mentioned earlier, in the NASA-TLX questionnaire the smaller score 
shows a better performance satisfaction. The level of satisfaction positively correlated 
with the amount of effort workers put to perform their tasks, which was 9.3 and 7.8 for 
the deck and vertical crews, respectively. Moreover, more effort to perform tasks in the 
deck crew would be attributed to higher perception of task demands compared to the 
vertical crew.  
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SUMMARY 
The production practices that contributed to successful performance under high 
production pressures, addressed the tasks, the work process and the resources.  At the 
task level, the main strategies involved (1) reducing task complexity and task difficulty, 
(2) matching high demands with high capability.  Such actions at the task level not only 
reduced the task duration and errors/rework, but reduced task variability and contributed 
to more reliable work flow.  At the work process level two important strategies were 
identified: (1) increased reliability of the work flow and (2) management of critical 
resources. At the resource level, he exploited the critical resources and provided 
additional resources where possible. 
Reduce Task Complexity and Difficulty 
At the task level, there was a systematic effort to reduce the task complexity and 
task difficulty.  (1) Use Z metal.  This method required fewer steps, less measuring and 
cutting, and less likelihood of mistakes).  (2) Design the table layout to reduce the 
difficulty of flying them. (3) Decouple and error-proof tasks, so they can be performed 
ahead of time and have less likelihood of errors during installation such as the pre-
marking of the table legs.  (4) Use rubber mallets to reduce the effect of hammering on 
the workers.  
Match High Task Demands with High Capability  
Matching task demands with workers’ capability would serve as a control 
mechanism to minimize the likelihood of error.  This practice is consistent with the Task-
Capability Interface model discussed by Fuller (2005). However, the success of crew 
supervisors in matching task demands with workers’ capability directly depends on their 
understanding of task requirements and capability of their crew members.  
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Establish Reliable Work Flow   
Due to the schedule pressure, operations were very tightly interdependent—any 
significant disturbance in one operation would affect the entire work flow.  Hence, the 
primary concern was to reliably meet the timetable, not to maximize productivity.  The 
strategies to accomplish reliable work flow included: (1) standardizing the work process, 
(2) dividing the work to specialized crews (deck and vertical), (3) providing adequate 
skilled manpower, (4) emphasis on preventing absenteeism, (5) work rotation, (6) 
multiple checks to prevent rework, and (7) a clear policy for handling performance 
variability and problems.  If a crew member had a problem or difficulty, the other crew 
members should not stop their work to help them.  The deck foreman was responsible to 
handle the problem and re-assign workers as needed.  The foreman knew the status of all 
tasks and he could assign resources so that other tasks would not be delayed.  
Management of Critical Resources 
Another factor essential for work flow reliability was the effective management 
of resource constraints.  This was achieved with two strategies: (1) Provide additional 
resources where possible, as in the case of 2×4s and straps for crane lifts.  (2) In the case 
of the crane, where a second crane could not be provided, the resource constraint was 
exploited by minimizing the number of lifts.  This in turn, required detailed planning and 
preparation of the lifts.  
CONCLUSION 
This case study analyzed the work practices of a high-reliability and an average 
field supervisor in concrete construction. The findings indicated that the supervisors’ 
emphasis was on performance reliability and on avoiding variability, rather than on 
maximizing productivity.  The production strategies used to manage the tasks, the work 
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process and the resources taken together created high quality of work assignments, a 
highly reliable workflow with low variability and very few errors and rework.   
LIMITATIONS AND FUTURE RESEARCH 
 This case study just explored work characteristics and project attributes of one 
concrete structure project and analyzed the production practices of two concrete crew 
supervisors working on that project. In order to increase the reliability and 
generalizability of findings, more case studies are required. However, this study provided 
a good starting point for the future efforts and a basis for comparison with other cases.  
Future case studies should also focus on the other trades such as roofing, 
electricians, etc. and findings should be cross-checked to increase generalizability of 
findings to the whole construction industry. Another direction for the future research will 
be analyzing the concrete constriction work-related accidents and injuries to understand 
the tasks and group of workers (carpenters, apprentices…) with higher risk of accidents 
and injuries. This study can help researchers and practitioners implement more effective 
work systems to controls high-risk points in the concrete operation. However, access to 
accidents and injuries data will remain a challenge for the researchers, which requires 
cooperation of the construction industry to provide accident data.   
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Chapter 6 
ROOFING CONSTRUCTION CASE STUDY 
This chapter presents the findings of two hot asphalt roofing case studies. First, 
the chapter presents information regarding the organization of the participating company, 
size of projects, safety rules and expectations, hiring-firing system, etc. These factors 
were identified and documented through an interview with the safety director of the 
participating company. Second, the chapter describes the work process, materials, 
tools/equipment of hot asphalt roofing, and then it presents the structure of hot asphalt 
roofing crews.  
Third, the chapter presents findings of two case studies. Cases were work crews 
of two successful foremen from a major roofing company in the south west region. The 
first project was a new educational building, and the second project was an old 
educational building to replace the old roofing with a new one. These field studies 
initially explored the task factors and project attributes that affect the safety and 
production performance of the work crews. These factors were identified through close 
observations, and then they were cross-examined through survey and interviews with 
work crews. Then, the constructs of foremen’s work practices were identified through 
several interviews with foremen and close observations of their operations.  
Fourth, the chapter presents the qualitative analysis and comparison of two 
foremen’s work practices. Then, using a rating system the effectiveness of foremen’s 
work practices are quantified and compared. Finally, the chapter summarizes the 
effective production practices that converged to create a fast and safe work system.  
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COMPANY OVERVIEW  
The roofing company discussed in this case study is one of the major local 
roofing contractors in the state of Arizona. The company performs mostly commercial 
(49%) and institutional (49%) projects and just about 2% residential roofing projects. The 
company specializes in single-ply roofing (SPR), built up roofing (BUR), metal roofing 
(MTR), light weight concrete (LWC), asphalt, tile, shingle, and solar panels.  
With regards to the size of projects, the contractor performs projects as small as 
$100,000 to as large as $10,000,000. The company has maintained an average of 60 work 
crews over the past four years. Currently (2011), the southwest region branch operates 
with eight superintendents, 60 foremen, and about 800 workers. The company has shown 
a successful safety performance over the past four years, as reflected in 0.63 Experience 
Modification Rate (EMR) in 2010.  
HOT ASPHALT ROOFING WORK PROCESS 
The hot asphalt Built up Roofing (BUR) has been used in the construction 
industry for more than 100 years and is still widely in use. The popularity of BUR comes 
from its durability and ease of installation. The BUR consists of multiple asphalt plies of 
laminated roofing felts together with asphalt bitumen. The BUR roofing systems are 
composed of three basic components; (1) The waterproofing component (asphalt, 
bitumen, or cold adhesive), (2) The reinforcing component, (fiberglass, polyester, or 
other fabrics), and (3) The surfacing component (granular-surfaced cap sheet or gravel) 
which is used to protect and preserve the other components from roof-destroying 
elements such as Ultra Violet, mechanical failure, and wear and tear. The service life of a 
roof is dependent on many factors: geographical location & weather conditions, foot 
traffic, materials used, conditions under which the roof was installed, slope of roof, type 
of surfacing material, etc. Under ideal conditions, a three-ply built-up roof should last at 
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least 15 years, a 4-ply should last at least 20 years, and a 5-ply should last at least 25 
years. 
There are three standard methods of installation of BUR: (1) hot-applied, (2) 
cold-applied, and (3) torch-applied. Choice of installation methods depends on the design 
requirements, availability of materials, and owners’ decision.  
Roof Structure & Materials  
 Insulation sheet (4'×8'× 2.5"). Typically, hot asphalt roofing work starts with 
installation of insulation sheets. Depending on the function of the roof and level 
of local precipitation, one or two layers of insulation sheets are installed (Figures 
5 & 6). The work process is as; (1) insulation sheets are place over the metal 
deck, (2) one or two laborers arrange and put fastener plates on sheets at the 
specified interval, and (3) two roofers screw the fasteners using a power- screw 
gun.  
 
Figure 5. Section of double-layer of insulation  
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Figure 6. Insulation sheets installed. 
 Fasteners are special long-leg screws that are used to install insulation sheets. 
Roofers screw fasteners by power-screw gun (Figure 7).  
 
Figure 7. Fastener. 
 Purlin (cover) boards (4' × 4' × 0.5"). One layer of purlin board is installed on 
top of the insulation sheets. To install sheets, first the surface of the roof is 
covered (mopped) by hot tar and then purlin board is laid on the surface (Figure 
8).  
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Figure 8. Purlin board installation. 
 Bases are rolls (paper) form the next layer of the roof that are installed on the 
purlin boards (Figure 9). Depending on the function of the building and design 
requirements the number of layers varies in different projects. The work process 
is as: (1) one roofer mops hot tar over the roof surface, (2) two roofers roll and 
lay sheets on the mopped area, (3) one roofer follows them to make sure that 
sheets are laid and stuck evenly using a brush-broom, and (4) one roofer or a 
laborer checks edges of plies using a putty knife to make sure edges are 
completely fixed.  
 
Figure 9. Base sheet rolls. 
 Cap Sheet is the final layer of BUR. Cap sheets are delivered in form of rolls. 
The dimension of cap sheet rolls is 30-33' long × 3' wide. Each roll weighs about 
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80-85 lb. For the ease of installation, rolls are cut into smaller pieces of 10-11' 
long. Cap sheets are laid on the roof using hot tar and must provide 4" of end-lap 
and 5-6" of side-lap. As shown in Figure 6, the side lap is marked on the sheets 
as shown in Figure 10.  
 
Figure 10. Lining cap sheets. 
 Tapper boards are used to make the slope from the ridge line toward the water 
drains. The thickness of these boards varies at two ends. For instance, there are 
boards with 2" thickness at one head and 1" at the other head (Figure 11).  
 
Figure 11. Cap sheet installation. 
 Granule powder is used to cover seams between cap sheets. It is simply poured 
on the seams by a laborer (Figure 12).  
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Figure 12. Granule powder. 
 Hot tar (Bitumen) is the major adhesive material used in hot asphalt roofing to 
stick different layer of materials. Tar is used in melted form and also works as a 
sealant material between layers of roof to increase quality of waterproofing.  
 Plastic cement is a sealant material used to cover small gaps and to provide extra 
coverage around pipes, boxes, and metal stands. (Figure 13).  
 
Figure 13. Filling and sealing gaps by plastic cement. 
Laying Orientation 
The standard practice is to lay sheets and rolls perpendicular to the roof slope. 
The reason is to avoid collecting water at seams between sheets. As mentioned earlier, 
the first sheets are laid at water drains. Looking from the ridge toward the water drains, 
rolls are laid like a cascade with a slope from ridge toward drains. Thus, water may not 
collect at seams and it moves smoothly toward water drains.  
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The first row of sheets and plies is the lead for the crew to lay the rest of them. 
Thus, laying the first row accurately is critical to ensure that the next plies will be laid 
correctly. To provide an accurate guide for the workers the foreman would lay the first 
row of plies and sheets, especially the cap sheets. This is very similar to layout work in 
masonry where the foreman or the most experienced mason would do most of the layout 
and lead work to provide an accurate lead for his crew to follow. Any mistake at this step 
will result in a significant failure because the whole work is built upon these leads.  
Hot Asphalt Roofing Tools 
In a hot asphalt roofing project the following tools are typically used.  
 Screw Gun is a hand-held power tool that is used to screw down the insulation 
sheets fasteners. 
 Fixed Blade Knife is used to cut and size purlin boards, insulation sheets, and 
cap sheets. 
 Mop is used to evenly spread hot tar over the roof surface. This activity is called 
mopping. 
 Hand saw is used to make holes on the boards for mechanical penetrations. 
 Putty knife is used to stick sheets at the edges and to cover gaps around pipes 
and boxes with plastic cement.  
Equipment  
 Tar Kettle is the major piece of equipment in the hot asphalt roofing that is used 
to supply hot tar. It is located on the ground and pumps hot tar to the roof using a 
hose (Figure 14).  
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Figure 14. Tar kettle on the ground. 
 Mop cart is a small two-wheel container that is used to carry hot tar on the roof. 
Typically, it contains five gallons of hot tar (Figure 15). 
 
Figure 15. Mop cart. 
 High-boy (Lugger) is used to carry a large amount of hot tar when the work area 
is large and far from the kettle hose to minimize waste of time and interruptions 
for going to the tar hose during installation activity. It contains 50-55 gallons of 
hot tar that is equal to volume of 10 mop carts (Figures 16).  
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Figure 16. Lugger (high-boy). 
 Felt machine (multi-mopper) is used to mop a large surface and makes the 
mopping activity significantly easier and faster, but it cannot be used around 
pipes and boxes because of its size. It is a good option when the equipment is 
operated for a long run and an open work area is available (Figure 17).  
 
Figure 17. Felt Machine. 
 Motorized anchor. This piece of equipment is used when there is designed to 
provide temporary tie-off for the workers when working at the leading edge. The 
motorized anchor provides tie-off anchor for five workers (Figure 18).  
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Figure 18. Motorized anchor. 
Crew Composition & Roles 
The standard size of a hot asphalt roofing crew is 6-8 workers and a foreman. 
The roles and tasks are: 
1. Kettle operator works on the ground and is responsible to load bulk tar into 
the kettle, provide hot tar, and pump it to the roof. The kettle operator must 
wear face shield and safety gloves when working at the tar kettle.  
2. Mopper is the most experienced (skilled) member of the crew who is 
typically the second or the leadman of the crew.  The mopper spreads hot tar 
over the roof surface using a fiber-head hand-mop. Typically, there is one 
mopper in the crew, but if the foreman needs to accelerate the installation 
activity he may add another mopper.  
3. Liners are roofers who are responsible to measure, cut, and arrange sheets 
and boards ahead of the floppers. Typically, there are two liners in a crew 
that work together. 
4. Floppers are roofers who follow the mopper and stick cap sheets, plies, and 
boards on the roof surface. Their task has high quality expectation to make 
correct end and side laps and avoid wrinkles.  
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5. Finisher is a roofer or laborer that follows floppers and covers seams 
between sheets by granule powder. This task does not require any expertise, 
but must be done immediately before hot tar sets.  
6. Material handler is a laborer who is responsible to handle hot tar from the 
pump hose to the work area, carry sheets and rolls, housekeeping, and any 
other support tasks.  
HOT ASPHALT ROOFING CASE A 
Project A: Description  
This project was an educational project located in the Central Phoenix area. The 
project consisted of four separate buildings (A, B, C, and D) that the total area was about 
90,000 sqft. The project was a new construction with no demolition of the old roof. The 
roofing work was Built Up Roof (BUR), which consisted of several layers of asphalt and 
membranes. The job site was spacious and several trades were performing concurrently at 
the jobsite. The roofing contractor had enough material storage area, which was located 
in about 150 feet distance from the work area on the ground.  
The roofing work started in late July and was scheduled to be finished in three 
months. The work schedule was five days a week, 10 hours a day from 6 a.m. to 4 p.m. 
The crew finished the work on-time.  
Foreman A 
The foreman had 15 years of experience in roofing, all with the current company. 
He has been a hot asphalt roofing foreman for eight years. Foreman A specializes in 
different types of hot asphalt roofing including torch down roof, built up roof, etc. He has 
received OSHA 10 and 30 hours safety trainings. Moreover, he has received company’s 
specific safety training including fall protection systems. The foreman is Hispanic and 
hardly speaks English, which was the main barrier to communicate with him.  
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Work Crew A 
The roofing crew consisted of 11 members including the foreman. There was a 
second worker, four journeyman roofers, four laborers, and a kettle operator. All the crew 
members were Hispanic and could not speak English. Just one of the roofers was fluent in 
English. Of 10 workers, seven were new in this crew and three of them including the 
second (8 years), the leadman (3 years), and a roofer (2 years) had worked with the 
foreman in previous jobs. The leadman was foreman’s nephew.  
PRODUCTION PRACTICES 
Preplanning 
At least one day before starting a new roof, the foreman and the superintendent 
would walk on the roof to make sure whether it was ready to start the work or not. The 
most important elements to be checked were fall protection tools and cables. The foreman 
would check the safety cables and make sure that all the holes, boxes, and opening on the 
roof were securely covered.  
Before staring the work, the foreman was checking the following items: 
 Forklift availability at jobsite to lift bulk materials to the roof. 
 Tar kettle was available on site. 
 Having enough mops. They had at least two spare mops to avoid 
interruptions. 
 Having three mop carts available to carry hot tar on the roof. 
 Screw guns to screw insulation fasteners. They crew had two spare screw 
guns. 
Work Crew  
Workforce selection. The foreman did not have his own established crew. 
Typically, the crew is given to him and he does not have any role in hiring workers. The 
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company (superintendent) decides the crew size, and if the foreman needs more 
workforces he sends a request to the general superintendent’s office and they decide 
whether or not to add more workforces.  
Key members. The foreman had three workers in his crew as the key members 
that formed the core of his crew. (1) The second who had worked with the foreman for 11 
years, (2) foreman’s nephew who had worked with him for three years, and (3) a roofer 
who had worked with the foreman for two years. The rest of the crew was new. In this 
crew, there was a worker who was performing multiple tasks including material handling, 
laying boards and sheets, helping kettle operator, and operating forklift. According to the 
foreman, this worker was not a professional forklift operator, but since they did not 
operate the forklift frequently, he decided not to hire a professional operator. This worker 
was fluent in English and translated interviews for the observer.  
Crew Policies  
The foreman would not tolerate absenteeism without in advance notice. When 
some worker was absent and did not call foreman before, the foreman would give him a 
verbal notice. If it happened the second time foreman would send the worker to the office 
and he would receive a warning. If the absenteeism happened the third time the worker 
would be fired. In this crew the foreman did not have such situation and did not fire any 
worker.  
Work Preparation  
Cleanup and preparation were everybody’s responsibility. Once any worker 
finished his work, he would start cleaning up and getting things ready for the next step. 
There was not any specific preparation time. Two laborers in the crew were responsible 
to make sure the work area was ready. They used blowers and hand-sweeps to collects 
dust from the surface of the roof.  
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Before starting any installation activity, all the requirements including materials, 
tools, etc. were supposed to be ready. As foreman stated, the crew do not do any 
preparation work during installation activities.  
Material Management 
Material ordering. In this crew, the second was responsible to measure the 
quantity of material they needed for a roof, checking availability of material in the 
storage, and measure how much extra material they needed to finish a section. The 
foreman was ordering materials needed for the following week on Fridays.  
Material quality control. The foreman assessed the quality of materials in this 
project 9 out of 10. They did not have any major issue with the quality of materials. 
According to the foreman, he would not check the quality of the materials delivered to 
the site because the hot asphalt roofing is formed by several layers and between layers 
there is bitumen (tar), which covers the defects. Thus there is no need to check whether 
sheets and boards have high quality or not.” 
The quality check was done during and after installation work by the foreman 
and his second through close observation of the work surface. If they noticed any defects 
on the roof like holes they would just assign one or two workers to fix it by putting some 
patches and seal that by hot tar. 
Material handling. As it was observed, materials were stacked on the ground in 
almost 150 ft. distance from the building. The bulk material was handled by a forklift and 
lifted from the ground to the roof. To handle materials on the roof, workers were using 
dollies and carts. Material handling was not just laborers responsibility and everybody 
was helping.   
The foreman never stacked many extra rolls and boards on the roof. They needed 
just few (2-3) extra rolls for patching and detail works around pipes and penetrations. 
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Foreman’s logic to use this approach was; when they overload materials on the roof, first 
they need to spend unnecessary time and effort to handle and stack material on the roof. 
Second, extra and unnecessary materials occupy work space on the roof, and thus 
workers need to relocate them while they are busy with installation task. Third, if they do 
not use the materials loaded on the roof, they have to collect them, lower them to the 
ground, and again handle them to another work area (roof) which is just waste of time 
and energy. The crew stacked materials at the ridge line (crown) of the roof which has the 
highest elevation on the roof and is considered as the center of the roof.  
Workforce Training 
The foreman’s attitude was to give an opportunity to workers to learn new skills 
and grow. As mentioned earlier, other than three roofers, the rest of his crew members 
were new workers. “I need just two weeks to make a good roofer. They need to get 
promoted. They cannot be a laborer for their whole life. I give everybody a chance to try 
and learn all tasks in my crew. When everybody knows everything in my crew, it makes 
my crew stronger.”  
“Foreman talks to us with right words and never yells. This foreman never called 
me a lazy guy.” This is what a new crew member said about the foreman. This worker 
had been fired from another crew because the foreman of that crew believed he was a 
lazy worker. The worker was transferred to this crew and after few weeks he became a 
roofer, not only a laborer.  
For instance, with regards to safety, productivity, and work quality, mopping hot 
tar is considered a critical task because: (1) the worker must be careful not to splash the 
hot tar on the other workers when mopping the hot tar over the surface, (2) the worker 
must make sure that the whole surface, around pipes, and penetrations have been covered, 
and (3) the worker has to maintain a constant pace of work because the performance of 
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the whole is dependent on the mopper’s pace. Typically, in a hot asphalt roofing crew, 
this task is done by the most experienced workers (the second and/or lead guy). In this 
crew, the foreman would give laborers and other roofers a chance to try and learn this 
task wherever they had open, wider area and there was no obstacle on their way. As a 
result, everybody in the crew, even the laborers were able to perform the mopping task 
whenever they were asked to do. They learned the task in this crew.  
Work Sequence 
In the hot asphalt roofing, the work sequence is dictated by the design including 
the number and types of roof layers. Drains are the master points for the installation 
work. Water drains have at the lowest elevation where water is collected and directed to 
the sewer lines. According to the foreman, the standard practice is to start the roofing 
work from the lowest elevation where the water drains are and move toward the ridge 
line where it has the highest elevation. On the roof, the highest point (elevation) is called 
ridge or crown. The reason that work starts from water drains is to protect roof and 
ceiling in case of rain. When it rains water runs toward water drains to be directed to the 
sewer lines, thus water will stay longer time around drains compared to other areas of the 
roof. Therefore, drains must be ready at the first step to avoid any possible leakage to the 
ceiling.  
In this project, the work area was divided into two smaller areas where the ridge 
line was the border line between them, and within each area the water drain was the 
starting point of the work. The foreman started the work from the tar hose location and 
moved toward the end of the roof.  
Adapt to Unexpected Situations  
Rain & unexpected weather condition. Severe weather condition like strong 
wind and rain are the events that completely stop the roofing work. When it rains the hot 
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asphalt crew is not allowed to install any material such as purlin boards, cap sheets, etc. 
Because when it rains all the insulation sheets get wet and moisture stays there and 
damage the ceiling even after few days. The crew is not allowed to lay and install 
anything until 48 hours after rain. The crew must stop all installation activities and just 
cover everything completely. Also, when there is a strong wind, workers are not allowed 
to stay and work on the roof because they can easily lose their balance and may fall from 
roof. Foreman would check the weather condition everyday on his cell phone and also 
double check with the office. According to the foreman, when it rains or there is strong 
wind “they just go home.” In this project the foreman stopped the work four times 
because of strong wind (dust storm in Phoenix) and rain.  
Other trades. The mechanical contractors (plumbers) are supposed to install 
their pipes and mark penetrations before roofing crew start the roofing work. Typically, 
in new construction, the mechanical installations are placed after the roofing work is 
done.  
Over a three-month period, the roofing crew had six times such situations, in 
which plumbers showed up late or forgot to mark all penetrations. Due to lack of English 
speaking skill, the foreman could not communicate and coordinate with other trades 
directly; therefore, he assigned a roofer to do that. Although the roofing foreman had 
assigned one of his experienced roofers (who knew English) to check the penetrations 
and pipes and coordinate with the mechanical contractor, the issue was not resolved.  
Quality Control & Error Management  
This section explains the work practices and approaches that foreman used to 
prevent or minimize the occurrence of errors. In hot asphalt roofing, the work quality is 
ensured by several close observations and making sure that work is done accurately. The 
final quality check is done by the manufacturer before issuing warranty.  
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Insulation sheets; when there is more than one layer of insulation sheets, similar 
to this project, the sheets of the top layer must overlap with the sheets of the bottom 
layer. That is, the seams between sheets of the top layer must not sit on the seams of the 
bottom layer. The standard practice to install insulation sheets is to start the first row of 
sheets with a whole sheet (4' × 8') and the second row with a half sheet. This interval is 
repeated to the end. For the second layer, the first row of sheets starts with a half sheet 
and the second row starts with a whole sheet and the interval is repeated to the end of the 
roof. The reasons are: (1) to increase the strength of the insulation layers and increase 
durability of insulation and (2) if the top layer leaks and seams are overlapped water 
directly goes through seams and reaches the ceiling. When seams are not on top of each 
other, it causes some delay for the water and also insulation sheets have time to absorb 
some part of the water and reduce amount of water that reaches the ceiling.    
Water drains; water drains are at the lowest elevation on the roof to collect water 
runoff. Since the whole water on the roof is collected through water drains, they have 
higher potential for the water leakage because water stays for a longer time around water 
drains. Thus, roofing work around water drains has extra layers compared to the rest of 
the roof.  
  Due to more detail work and higher quality expectation around water drains, in 
this crew, works around the water drains were done by the second and leadman of the 
crew, as the most experienced crew members. The foreman would also closely observe 
the installation work around water drains to make sure it was done properly.  
Work at the leading edges; working at the leading edge requires more attention to 
safety issues and work details. In this crew, work at the leading edge was done by the 
second and leadman. In some cases, the foreman was doing the work at the leading edge. 
The foreman explained the reason to do the leading edge work as: “I need more 
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workforces to finish my job because I have some workers absent. If I assign my second or 
leadman to do details and edge work I will not have anyone to do mopping work. Also, 
this work needs more attention in cutting and laying small pieces of cap sheet and plies 
that I cannot assign my laborers or new roofers to do it.” 
Before starting any stage of the hot asphalt work, it is critical to make sure all the 
water drains, holes, and penetrations are securely covered. This practice serves two goals: 
(1) to protect workers from falling through opening and (2) to avoid clogging problem in 
future due to pouring hot tar or trash into the water drains and other openings. In this 
crew, the second was responsible to check the covers.  
TASK DEMANDS & WORK DIFFICULTIES 
Foreman’s Perception 
The crew foreman assessed the level of work difficulty 7 out of 10. He assessed 
the work “not so hard” because it was a new construction project, the roof was flat, and 
they did not have much obstacle on the roof.  
 Foreman mentioned working around water drains as the most mentally 
demanding task. As mentioned earlier, in this project the roof layers 
included: two layers of insulation sheets, one layer of purlin boards, one 
layer of base sheets (paper), and finally one layer of cap sheet. The layers 
and sequence of the work around water drains were different compared to the 
rest of the roof and they included: one layer of purlin board, one layer of base 
sheet (paper), another layer of base sheet, and finally one layer of cap sheet. 
Roofing work around water drains was more challenging compared to the 
rest of roof because of: (1) making the roof slope accurately toward the water 
drains, (2) lots of measurement to size and cut small pieces of sheets and 
plies to cover drains perimeter, and (3) sealing the seams around the drains 
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accurately where water collects the most. The quality expectation at the 
water drains is significantly higher compared to the rest of the roof. It is 
strongly recommended to avoid using patches around water drains to fix 
mistakes and filling gaps. Patches create an uneven surface that increases risk 
of water collection at these points and consequently the likelihood of water 
leakage increases.   
 Working with hot tar is demanding from different aspects: (1) it is too hot 
and can easily burn and injure workers. (2) It is sticky that makes it difficult 
for the mopping worker to move the mop. (3) It sets quickly that workers 
must work fast because once it sets it is very difficult to adjust rolls and 
sheets. In the summer, hot tar sets faster due to high temperature that requires 
workers to increase their pace of work during summer time. (4) It has a 
strong smoke that exposure to that for a long time can cause respiratory 
problems for the workers. Surprisingly, none of the workers had respiratory 
makes and safety gloves on, which is mandatory. The safety manager noticed 
this issue and gave them a warning to get their gloves on, but they still did 
not have respiratory masks, and just few of them simply covered their mouth 
with a scarf. 
 From an ergonomic perspective, kneeling down to screw fasteners and doing 
detail works for a long time is physically demanding. Working at this posture 
would cause some Musculoskeletal Disorders (MSD) such as knee pain and 
low back pain. According to the foreman these are two major complains 
among roofing workers. For the moppers, the repetitive motion to mop the 
hot tar for a long time can hurt their shoulder and back as well.  
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 The fresh roof is still hot, even 30 minutes after laying sheets. This issue 
increases workers’ exhaustion and risk of dehydration in the summer due to 
expose to excessive heat. According to the foreman and workers, the most 
favorable schedule during summer time in Arizona is working overnight to 
avoid excessive heat and take advantage of lower temperature. This project 
was located in a residential area and was surrounded by residential buildings. 
According to law, construction crews are not allowed to work overnight in 
the residential areas, because it causes excessive noise and disturbs 
neighbors.   
 Cap rolls are heavy items (80 lb) that lifting and manually handling them can 
cause severe MSDs like low back pains (LBP). Thus, from an ergonomic 
point of view, the safe lifting rules must be considered to avoid potential 
work-related injuries. In this crew, it was observed that workers were lifting 
rolls individually without any help. Instead of lifting heavy rolls some 
workers were simply kicking and rolling rolls on the roof.  
Workers’ Perspective 
In order to identify the main sources of task demands and cross-check findings 
from observations, all the crew members were interviewed. The interviews were 
conducted after the cap sheet installation activity. The interview questions were centered 
on the sources of task demands and frustration perceived by workers. At the time of 
interview the crew had seven members and a foreman. Two roofers were absent. Table 13 
presents the sources of task demands and their frequency from the workers’ perspective 
in crew A.  The major sources of task demands and frustration from workers’ perspective 
were identified as: 
 Mental demand: workers’ safety when working on the roof 
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 Physical demand: lifting heavy rolls (80-85 lb) 
 Temporal demand: rushing to lay sheets 
 Frustration: heat from fresh roof, sun, and kettle. 
Table 13  
Sources of task demands & frequency in crew A 
Roles Mental demand Physical 
demand 
Temporal 
demand 
Frustration 
Second & 
Lead 
Workers’ safety  
(2) 
Not splashing hot 
tar on other 
workers (1) 
Mopping (2) 
Lifting cap rolls 
(2) 
Mopping fast 
(2) 
Quality of 
clean up (1) 
Workers’ do 
not listen the 
instructions 
(1) 
Roofers Measuring & 
cutting around 
boxes (1) 
Lifting cap rolls 
(1) 
Lay sheets fast 
(2) 
Heat from 
roof  & sun 
(2) 
Apprentices Try to learn new 
things (2) 
 
Lifting cap rolls 
(2) 
Lay sheets fast 
(1) 
Other workers 
pressured to 
learn new 
things (1) 
Other workers 
tell him what 
to do (1) 
Kettle 
operator  
NA 
Lifting bulk tar 
(1) 
Working next 
to hot kettle (1) 
Work fast- 
whole crew is 
waiting (1) 
Heat from 
kettle (1) 
 
HOT ASPHALT ROOFING CASE B 
Project B: Description 
 
This project was an educational building located in a residential area in Phoenix, 
Arizona. The project included five separate buildings, and the overall work area was 
70,000 sqft. The project included removing (tearing off) the top layer of the old roofing 
and replace it with new hot-asphalt roofing. There were several existing pipelines, 
mechanical installations, and air conditioners on the roof, which created a confined work 
area for the crew. The design of the roofing layers for this project was as: (1) one layer of 
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insulation sheet, (2) one layer of base sheet (paper), (3) one layer of cover ply, and (4) 
one layer of cap sheet as the final layer.  
The project was located in a residential area, thus the crew was not allowed to 
work after 8:00 p.m. Moreover, since classes were in session during the day-time the 
crew was not allowed to start before 4:00 p.m. These restrictions limited the work 
schedule to a four-hour timeframe from 4:00 to 8:00 p.m. Over the weekends, the crew 
had opportunity to extend the work schedule to 10 hours working from 6:00 a.m. to 4:00 
p.m. 
Project Status  
The project was managed and executed by a foreman for about two months. Due 
to some disagreements between the foreman and the company, foreman was fired half 
way through the work. In order to continue and finish the work, the contractor called their 
best crew from east-coast. The company’s management considered this crew as their best 
hot-asphalt roofing crew.  
Foreman B  
Foreman B had 27 years of experience in roofing construction. He served as a hot 
asphalt roofing foreman for about 15 years, all with the same company. To help company 
finish the current work, he came back with his whole crew from east coast where they 
just finished another project. He was ranked as the top hot asphalt roofing foremen within 
the company as the general superintendent called him “the company’s top gun.” He had 
won a flat screen TV as the “outstanding safety performance reward.”  
Work Crew B 
Initially, the work crew consisted of 10 members including one foreman, one 
second, one leadman, three journeyman roofers, and four laborers. Of nine workers, 
seven workers had worked with the foreman in this crew for more than seven years. The 
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“Second” was the most experienced worker who had worked 12 years with the foreman, 
followed by the leadman with 10 years of experience in the crew. There were two new 
laborers in the crew that foreman had not worked with them before and did not know 
them well. These workers quit a week after joining the crew. Over the past seven years, 
the foreman performed all his projects with this crew.  
PRODUCTION PRACTICES 
Preplanning  
Before starting any new project, the foreman would walk on the roof with the 
superintendent to understand the work layout, site condition, access points, limitations, 
and especially the safety hazards. Typically, the site visit is done two days before starting 
the work. The major issue before starting each project is safety and fall protection system. 
“I never let my crew go over the roof before I make sure everything is 100% safe. I walk 
over the roof with the superintendent to make sure the perimeter safety cables are 
installed, holes are securely covered, ladders are installed properly, and there is enough 
lighting if we will work overnight.”  
The major piece of equipment in hot-asphalt roofing is “tar kettle” that must be 
at jobsite before the starting day. Material is ordered in bulk by superintendent, and the 
foreman is not responsible for that. The foreman was submitting requests to the 
superintendent and he would provide the ordered material for the crew.  
Crew Policy 
Foreman was very sensitive about being late, and everybody in the crew was 
aware of that.  According to foreman, he would never send anyone to the office because 
of absenteeism. “I have never fired any worker because of absenteeism. They help me 
and I should understand their problems. They always call me if they have any problem 
and cannot show up. They are my family members and I cannot fire them.” 
  131 
As foreman said, the way he treats the absent worker depends on the work 
situation and workforce availability in the crew. “If he is a good roofer and I send him 
home because he was absent the day before or fire him, it weakens my crew and I am 
losing part of my workforce. So, depending on work situation I should be flexible about 
them.” 
The foreman considered this crew as his work family not the work crew. “These 
workers are like my family members and we have lived together for many years. I 
understand their difficulties and life problems and try to be fair when they have some 
issues. I never treat them as my workers, they are my family members.” 
Workforce & Role Setting  
Over the past seven years, the foreman performed all projects with the same crew 
members. In this crew roles were clear and everybody knew his tasks. The foreman was 
using his laborers to do: (1) material handling, (2) housekeeping, and (3) support works 
like cutting sheets and helping roofers. They were not involved in installation activities 
and/or mopping hot tar.  
Material Management 
 This includes all activities and practices related to material from ordering to 
handling on the jobsite. 
Ordering materials. Obviously, the amount of materials ordered directly 
depends on the storage space availability. The foreman’s policy was to request material 
he needed a week in advance to avoid any interruption in his work.  
Sometimes drivers delay to deliver materials from the shop. Since the company 
has limited number of drivers, it happens that they deliver material with delay. Thus, to 
avoid any interruption the foreman would order materials he needed for a week in 
advance and would never leave less than one work-day material in the storage. Ordering 
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materials was the superintendent’s responsibility. The foreman was submitting his 
request to the superintendent and he was providing the requested material.  
Material quality checks. The foreman was checking the quality of materials 
delivered to the site before using them. In one instance, the foreman did not use and 
returned the delivered plies to the shop because they were old and sticky. As foreman 
said, the old plies were sticky and workers could not easily open the rolls and lay them. 
Moreover, since plies had been in the shop for a long time, they had lost their flexibility 
and might break when workers lay them over the roof.  
Material handling. The material handling activity included carrying insulation 
sheets, cap sheets, rolls, and hot tar on the roof. Because of the confined work area, the 
crew could not use a high-boy (Lugger) on the roof. Thus, to handle hot tar from pump to 
crew, one laborer was assigned to constantly going to the pump hose, filling two buckets 
(each 5 gallons and weighs about 40 lb.), and handling them back to the work area to 
refill the mop-cart. Bulk materials were loaded on the roof by a forklift. The limited 
space did not allow the crew to use any dolly or cart and all materials were handled 
manually over the roof.  
The foreman would not load too much of extra material on the roof; “if we need 
20 rolls of cap sheets, we load not more than 22 rolls to save our space on the roof and 
avoid unnecessary handling heavy rolls. Extra rolls are for patches around pipes, ACs, 
etc.” 
Quality Control & Error Management 
In the hot asphalt roofing, the quality check is done during and also after 
installation activities. The common quality control practice is to constantly observe 
activities and walk over the roof to make sure everything has been installed properly.  
  133 
With regards to the work quality, the most critical point in this project was 
working around ACs, where there was a high risk of water leakage. To make sure there 
would not be any leakage in the future, roofers specifically laid more layers around ACs 
(according to the design and codes). Moreover, they had to provide enough overlap and 
extend sheets to the base of ACs to avoid water collection around ACs.   
To minimize the likelihood of errors the foreman assigned his experienced 
workers (usually his second and leads) to work around the ACs, which involved more 
detail work. To check seams hidden under the edge of AC, the foreman used a flash light 
and examined them by his hand. He also showed a constant and close supervision during 
installation activities. The following major quality issues were identified which are 
supposed to be fixed before hot tar sets.  
 Wrinkles. Wrinkles create an uneven surface and are weak points against 
sharp objects and increase risk of water leakage. When wrinkles are noticed, 
the sheet must be removed and reinstalled to fix the wrinkle. When the hot 
tar is set, roofers need to use patches to fix wrinkles.  
 Side & end laps. These laps are to provide enough coverage at seams. 
Typically, side laps are 5-6 inches and end laps are about 4 inches. The side 
laps are marked on sheets by manufacturer that eliminates the need for 
measurement. In this project, since the crew was operating during the night 
time with low visibility, there was high risk of mistake in sheets alignment. 
The foreman was checking them closely to catch mistakes and avoid any 
possible rework afterwards.  
 Pouring granule powder. The granule powder must be poured immediately 
after laying sheets, when tar is still hot and sticky. The foreman kept 
reminding the worker to pour granule powder immediately.   
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Adapt to unexpected situations & disturbances 
Weather condition. Unexpected weather condition is the most common situation 
that slows down or completely stops roofing activities. Although the company checks the 
long term weather forecast and climatic condition during the estimating and planning 
phase, they still encounter unexpected weather conditions. Such situations not only stop 
the work for that day, but also will not allow the crews install anything for the next few 
days (at least 48 hours) until everything is dried. Thus, awareness of the climatic 
condition of the project area is critical.  
According to the foreman, the major disturbance is rain. If there is up to 20% 
chance of rain they do everything other than tearing off the old roof (for the projects with 
old roofing). The reason is that when the old roof is removed the roof is exposed, thus 
water directly runs to the ceiling and causes damages. Therefore, foreman is supposed not 
to take any chance and tear off when there is 20% or more chance of rain. If the chance 
of rain is 30% and more the crew is not allowed to do any installation work. In such 
situations, workers are supposed to cover and secure materials and leave the jobsite.  For 
instance, according to the weather forecast, today the chance rain was 20%; therefore, the 
foreman stopped tearing off the rest of the old roof and started covering the torn off area.  
Foreman would check the weather condition everyday to avoid unexpected 
situations. He would call his workers, if they could not work due to the adverse weather 
condition.  Since the weather condition is dynamic, roofing workers are supposed to 
secure all materials before leaving the jobsite. This is to prevent materials from flying 
due to strong winds and damaging neighboring properties or even injuring people.  
Low quality of material. The foreman considered the quality of material 
delivered to the jobsite as an issue that can cause some unexpected situations. In this 
project, since the crew did not have extra storage space to store a large amount of 
  135 
material, they would order material for just one week-work. When the material delivered 
to site had low quality the foreman did not use it and returned it to the shop. “I check all 
materials delivered to the jobsite before my workers use them. If the quality is poor I just 
return them to the shop. Even though, I may lose some work-hours because of not using 
low-quality material, I never let my crew lay them.” Therefore, their work process would 
be slowed in such situations. For instance, in this job, the ply rolls delivered to the site 
were old and the foreman decided not to use them. As foreman said, when rolls are old 
and have been in the shop for a long time, they lose their quality and get sticky. Thus, it 
will be so difficult to open rolls and lay them on the roof.  
According to the foreman’s experience, the material quality would be an issue 
typically in smaller projects because the company tries to do the job with minimum 
expense and using the existing materials in the shop.  For the large projects, when the 
bulk material is delivered from the manufacturer, it is fresh and has higher quality.  
Quit without notice. An example of unexpected situation was “quitting two 
workers at the same time.” The two new workers of the crew quit without any in-advance 
notice. Thus, the crew continued with two fewer workers (seven workers). This issue 
created an unexpected situation for the foreman. To compensate for the lack of 
workforce, the foreman joined his work crew and participated in the physical work. In the 
cap sheet activity, the foreman was doing the mopping task. He also helped two of his 
laborers in material handling. Although the foreman had requested to hire two new 
laborers, finally he decided to finish the work with his current crew without adding any 
new employees. He finished the job on-time.   
Change orders. Foreman considered change orders as unexpected situations that 
may stop the whole work process for a while. In the hot asphalt roofing, the common 
change order is for “materials.” According to the foreman, especially in new 
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constructions, it happens that inspectors do not approve the type or quality of materials. 
The foreman had two such situations in his previous jobs that inspectors did not approve 
materials. Thus, the foreman had to stop the work, load materials to trucks and return 
them to the shop. Typically, the foremen do not have any control over such situations, 
and it is between the company and inspectors.  
Unexpected delivery of material. Delivering material to the jobsite without 
coordinating with the foreman was another unexpected situation that foreman mentioned, 
which would affect the work process. “When material is delivered to the jobsite, the 
priority is with off-loading the truck because we cannot hold the truck and the driver for 
a long time. Even if I need to stop the work and assign my whole crew to off-load the 
truck, I will do so.”  
Tar kettle problem. In hot asphalt roofing, there is not any alternative for the tar 
kettle. According to the foreman, if the kettle breaks the crew cannot do any installation 
work. In this project, since the work schedule was four hours a day, they would not have 
enough time to fix the kettle or request a replacement for the same day. Even in the 
project with longer work-days it is not easily possible to fix or replace the broken kettle 
quickly. In such situation if there is not enough work to do, foreman will send the crew 
home and they will lose one or even more work-days.  
Work Sequence  
The foreman’s strategy was to “minimize walking on the hot-fresh roof.” To do 
so, he used the location of the ladder as his guiding point. The crew started from the 
farthest point and moved toward the ladder’s location. Therefore, they did not need to 
walk on the freshly laid roofing.  
A counter approach was used by the previous foreman. As mentioned earlier, 
foreman B took over the work upon the previous foreman was fired. The former foreman 
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had started work exactly from the opposite point as the foreman B did. He had started 
from the ladder and moved forward to end of the area.  
Production Pressure Control 
 
The roofing work schedule is set based on the number of “man-days.” For 
instance, when a work is “200 man-days” and the work crew has eight workers, the work 
would be done in about 25 work-days. The number of work-days is affected by several 
factors such as rainy days, workers’ absenteeism, and availability of material and 
equipment.  
According to the foreman, “rain days” affect the work schedule the most. 
Although the foreman and the superintendent check the long term weather forecast, 
unexpected weather condition affects their preplan. He has experienced such situations 
more in east coast where unlike Arizona they have more unstable weather conditions. To 
justify why the crew has fallen behind the schedule the foreman keeps the number of rain 
days in his book.  
To control crew’s daily production the foreman had an average daily production 
rate. The average daily production rate of a standard hot-asphalt roofing crew (6-8 
workers) is about 50 squares, which is equal to 5000 sqft installation.  The installation 
activities include insulation, plies, boards, and cap sheets. When there is no obstacle on 
the crew’s way or it is a new construction with an open work area the production rate can 
even reach up to 100 squares (10,000 sqft.) per day. The production rate is higher in 
laying plies compared to cap sheet. Ply is thinner and lighter compared to cap sheet, and 
it does not need to be cut in smaller pieces. Workers just mop hot tar and roll the ply that 
is very quick activity. The crew’s average daily production rate is lower in old 
construction where the crew tears off the old roof. The average production rate of a 
standard crew to tear off the old roofing is about 2000-2300 sqft per day.  
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WORK DIFFICULTIES 
In hot asphalt roofing, the pace of work is a critical factor. Hot tar sets quickly; 
thus, once it is mopped over the surface, the sheets or plies must be laid immediately. 
Installation must be fast and accurate because adjusting sheets or fixing wrinkles after 
the hot tar sets is difficult and can hurt the quality of work.  
Foreman’s Perception 
According to the foreman, roofing workers experience more difficulties during 
summer time in Arizona due to high temperature that reduces the setting time of hot tar 
and intensifies the work process. Moreover, in summer, workers are exposed to heat from 
sun and fresh roof that increases risk of dehydration. The foreman’s major strategy was to 
minimize workers’ exposure to heat. Followings are practices that foreman used to 
minimize exposure to heat. 
1. To avoid the excessive amount of heat from hot-tar, especially in summer, 
the foreman started the work from the far end and moved toward the ladder. 
Ladder is the roofers’ access point to the lower levels and ground to grab 
materials, tools, and using restroom. When the workers start laying sheets 
from the far end and move toward the ladder location, they do not need to 
constantly walk over the hot-fresh roof.  
2. The standard practice in laying cap sheet and ply is to mop and lay the first 
row of the sheets as the guideline. For the second row, sheets are measured, 
sized, and cut in smaller pieces (10 feet) by liners and are laid face-down on 
the first row (which is already laid) ahead of the floppers. Then, floppers just 
flip and adjust them. Using this method, workers stand and work on the fresh 
roof which is still hot. In the summer, to avoid heat from the fresh roof, the 
foreman decided to use reverse approach, in which the sheets were not laid 
  139 
face-down on the fresh roof. Instead, floppers needed to take and lay sheets 
one-by-one while they were standing on the old roof which was colder 
compared to the fresh roof. In this approach, it is more difficult to adjust side 
and end laps and it is slower compared to the standard method. This 
approach has some time-safety trade-offs that foreman decided in the favor 
of safety.   
The foreman assessed the level of difficulty of this project 7 out of 10. He mainly 
attributed the difficulty to the confined work area because of the existing pipes and air 
conditioners. These elements left a limited work space for the crew. However, the 
foreman had experience of working on roofs with less space available to work. 
Unlike a new construction, in which the roofing is done first and then the 
mechanical installations are placed, in an old construction the mechanical installations 
exist and the roofing crew works around the existing installations.  The following 
difficulties were observed in this project:  
 According to the foreman, with regards to physical load, tearing off the old 
roof is the most difficult task. This task creates too much dust and debris. 
Workers are supposed to use respiratory mask and face-shield.  
 With regards to work quality, laying new roofing materials around ACs is the 
most critical task. These points have higher risk of leakage, thus roofers use 
more layers around ACs to minimize the risk of leakage.  
 Confined work area to operate felt machine (multi-mopping machine) and 
high-boy increased manual mopping and carrying heavy hot tar buckets from 
pump to work area.  
 Mopping and laying sheets under pipes is another difficult situation. Workers 
need to loosen, lift, and hold pipes temporarily to mop and lay materials 
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under pipes. This activity would increase the likelihood of damaging the 
existing pipes. 
 With regards to ergonomic loads, the workers’ take an extreme posture when 
installing the insulation sheets. First, to screw down the fasteners workers 
need to kneel down for a long time (3-4 hours a day).  Second, workers 
repetitively bend (flex) to screw fasteners. Typically, each sheet (4" × 8") 
needs nine fasteners that number of fasteners increases at the corners of the 
roof to secure sheets against strong winds.  For instance, in a 1000 sqft roof, 
32 sheets are required and to install this number of sheets a worker needs to 
flex at least 288 times (32 sheets × 9 fasteners = 288). Considering two 
layers of insulation in a new construction, this number increases to 576 
flexes. This number of flexes can cause some MSDs in a long term. Third, 
workers operate a hand-held power-screw gun to screw fasteners, which 
causes vibration that is another ergonomic load for the workers. Combination 
of several flexes, kneeling, and operating a power-tool causes a significant 
physical load to the workers which would affect their health. According to 
the safety manager, knee and back pains are the major complains among 
roofers. Although they use knee pads, they still suffer from the knee pain. 
Also, flexing to screw fasteners can cause back pain as well. 
Workers’ Perception 
All the crew members were interviewed and were asked about the main sources 
of task demands and difficulties including mental demand, physical demand, temporal 
demand, and frustration. In summary, the major demand factors were identified as: 
 Mental demands: frequent measurement and cutting. 
 Physical demands: lifting heavy rolls and lifting tar buckets. 
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 Temporal demands: laying sheets quickly and short schedule. 
 Frustration: confined work area. 
Table 14 presents the task factors and project attributed that shape and increase 
task difficulties (demands) from the workers’ perspective.  
Table 14 
Sources of Task Demands & Frequency from in Crew B 
Roles Mental demand Physical 
demand 
Temporal 
demand 
Frustration 
Second 
Measurement & 
cutting around AC 
(1) 
Mopping under 
pipes (1) 
Mopping (1) Mopping fast (1) 
Compressed 
schedule (1)  
Pipes 
everywhere (1) 
Too much 
cutting (1) 
Roofers 
Measuring and 
cutting small 
pieces of 
membrane (2) 
 
Lifting rolls (2) Laying sheets 
fast 
Short daily 
schedule- 
rushing to finish 
sections (2) 
Pipes & ACs 
(confined 
space) (3) 
 
Laborers NA 
Lifting hot tar 
buckets (2) 
Lifting rolls (2) 
NA 
Walking 
through pipes 
(2) 
Lighting (1) 
Kettle 
operator 
Kettle safety- it 
may fire (1) 
Lifting bulk tar 
(1) 
NA (at this job) Heat from 
kettle (1) 
 
COMPARATIVE ANALYSIS OF PRODUCTION PRACTICES 
  The production practices of two hot asphalt roofing foremen from the same 
company were analyzed. In this section the quality of foemen’s production practices and 
their contribution to the safety, productivity, and quality performance of the workers are 
analyzed and compared qualitatively.  
 Work Practices and Task Demands 
From a human factors perspective, both foremen’s practices in loading and 
handling materials on the roof aimed to reduce workers’ physical load, especially by 
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reducing the frequency of lifting and carrying the 80 lb cap rolls. Both foremen avoided 
overloading materials on the roof to eliminate unnecessary load lifting. To successfully 
accomplish this goal, both foremen’s strategy was to accurately measure the quantity of 
material needed for each work section. Thus, they would load materials on the roof 
accordingly. However, foreman B showed a better measurement of material quantity 
compared to foreman A.  
In case A, the crew stacked materials first at the ridge line and then distributed to 
different points for the installation purposes. The ridge (crown) line was the center line of 
the roof which had the optimum distance from work areas. Thus, when materials were 
stacked at the ridge line the material hauling distance would be minimized. Moreover, 
crew started installation from water drains toward the ridge line, thus the stacked 
materials might not block their way and workers did not need to relocate materials.  
In case B, according to the confined work area, the foreman just loaded the 
amount of material needed for each section by forklift before starting the installation 
work. Even though the primary goal of this practice was to leave more space for 
installation activities, it would have two more benefits which were also confirmed by 
workers: (1) it minimized the ergonomic loads and reduced the risk of work-related 
injuries such as back pain which is dominant among roofers and (2) it reduced workers’ 
frustration due to handling and relocating heavy materials, especially during summer.   
In crew A, tasks were not specified to any body and workers had chance to 
participate in different activities. For instance, the mopping task was typically done by 
the second, but wherever they had an open area other workers, especially new workers 
would have opportunity to do mopping task. This practice had two advantages: (1) it 
increased other workers’ capability to perform different tasks and (2) rotating the task 
would give an opportunity to the second take a break from a physically demanding task.  
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The hot asphalt roofers are exposed to two major sources of heat: (1) sun and (2) 
fresh roof. Thus, the intention should be to minimize workers’ exposure to sources of 
heat to reduce risk of dehydration and consequently safety accidents.   
Work sequence and selecting where to start the work seemed to be a significant 
factor in hot asphalt roofing. Two different practices observed; foreman A started 
installation work from the ladder toward the end whereas foreman B started from the 
exactly opposite point. That is, he started from the farthest point and moved toward the 
ladder. During the installation activities such as purlin boards, paper plies, and cap sheets, 
to refill the mop cart or hot tar buckets, workers need to go to the hot tar hose location 
which is typically next to the ladder. Moreover, they need to frequently walk on the roof 
to use ladder or grab and handle materials to the work area.  The fresh roof retains heat at 
least for about 1-2 hours, and especially for the first 30 minutes it is still hot. Starting 
installation work from the ladder location and moving toward the end requires workers 
walk on the fresh roof, even after finishing the installation work. With regards to task 
demands, this practice increases workers’ exposure to heat because of walking on the 
fresh roof. Excessive exposure to heat increases risk of dehydration, especially during 
summer when workers are exposed to sun for at least eight hours a day. With regards to 
the work quality, this approach also affects the quality of fresh roof. When sheets are just 
installed the hot tar is still not completely set, and sheets may slightly slide due to 
walking or moving carts on the fresh roof. The counter measure used by foreman B 
would eliminate safety and quality issues to a large extent. When installation work starts 
from far end, the workers do not need to walk and move their material on the fresh roof.  
They take advantage of working on a cooler surface with no concern to damage the 
surface. Thus, foreman B’s practice in sequencing work contributed to health and safety 
of workers as well as work quality compared to foreman A’s practice. 
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Foreman as an Extra Resource  
Maintaining the planned workflow according to the original schedule is critical in 
construction crews to meet the project requirements. To accomplish this goal, the 
foreman needs to create and maintain sufficient capacity in his crew to avoid any back 
falling. To create a sufficient capacity the foreman needs resources such as skilled 
workforce and effective logistic and preparation.  
Unexpected absenteeism in crew A and quitting two workers in crew B caused 
lack of workforce for both foremen. In order to overcome this situation, two common 
practices would be: (1) Split the workload of the absent workers to other workers. In such 
situations, workers are supposed to perform more physical work and sometimes they 
need to learn some new tasks in a short time to fill the workforce gap. Thus, they need to 
over utilize their physical and mental resources that increases their physical and mental 
task demands. (2) Extend the work hours. This practice would increase workers’ fatigue 
due to working for long hours, especially during summer. When such situation occurs 
frequently, it would increase frustration among workers and directly affect their 
performance.   
To avoid drawbacks of overloading workers or extending the work hours, both 
foremen served as an extra resource in their crews by participating in the physical work. 
Similarly, both foremen performed the critical tasks. In the purlin board installation 
activity, foreman A performed the detail work at the leading edge where there was not 
any parapet and it was supported just be safety cables. This task required an experienced 
roofer to accurately measure, cut, and install small pieces at the edge. Although the safety 
cables existed, working at the edge without using harness would increase risk of falling 
from elevation. This practice had two major contributions: (1) the foreman secured the 
quality of work at the point where the quality expectation was high and higher level of 
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experience was needed. From task demand perspective, the foreman transferred some 
portion of the mental load from workers to his own side where he had stronger mental 
resources to meet task demands. (2) He reduced his workers’ exposure to fall hazards by 
doing this task himself. Besides advantages of being physically active in the work, this 
practice would have some drawbacks as well. Foreman A delegated some of his 
supervision responsibilities to his second; because when the foreman was doing the detail 
work he was far from his workers who were installing Purlin boards. Thus, he could not 
have a close supervision over his crew’s activities. This practice affects the quality of 
foreman’s supervision, which can result in overlooking errors in work, overlooking 
unsafe behaviors, etc. An alternative approach to minimize disadvantages would be 
taking the mopping task by foreman and assigning the second or one of the experienced 
roofers to do the detail work. This was the approach that foreman B used.  
In a similar situation, foreman B participated in the cap sheet installation activity 
by performing mopping task. The second who was typically in charge of mopping task 
switched his task and did lining task. As mentioned earlier, mopping task is the most 
critical task in this activity from quality, safety, and productivity perspective. Foreman’s 
participation in the physical work had some advantages: (1) the foreman secured the 
quality of mopping task, and controlled the pace of work because the whole activity was 
dependent on the mopper’s speed; (2) he maintained his close supervision over his crew’s 
activities. With regards to task demands, the foreman avoided overloading workers.  
Resiliency 
Throughout the life of a project, construction crews encounter some unexpected 
situations, which are not usually overseen during the planning phase. These situations 
impact the work process and affect the overall outcome of the project by slowing down or 
completely stopping the work process.  
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According to the situations identified by foremen in this study, the factors 
contributing to occurrence of these situations are categorized as: (1) internal factors and 
(2) external factors.  The internal factors include those that arise from the crew members’ 
actions/behaviors or problems related to tools and equipment. The external factors are 
those that come from outside the crew’s atmosphere like other trades or even the 
contractor’s office, climatic condition, etc. The climatic condition is typically region-
specific and varies depending on the season and location of the project like monsoon 
season or excessive heat in Phoenix area during summer. Figure 20 illustrates unexpected 
situations and disturbances identified by the two foremen.  
Unexpected situations would have three different impacts on the crew’s 
performance:  
 Unexpected situations can completely stop the whole work process like rainy 
days and change orders from designers or inspectors that the foreman 
typically does not have any control over such situations. In such situations, 
the crew is not allowed to perform any installation activity, and they may just 
complete some support tasks like cleanup or preparation work.  
Sometimes, unexpected situations slow down the work process. Examples of 
these situations are workers’ absenteeism and consequent lack of workforce, equipment 
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Figure 19. Classification of Unexpected Situations. 
 Breakage and unexpected delivery of materials. Most of these situations can 
be overseen and proactively addressed during the preplanning phase. The 
foreman’s backup plan to cope and adapt to the new situation would 
minimize the impact of unfavorable situations. For instance, in study of work 
practices of a successful concrete foreman, authors found that the foreman 
minimized the likelihood of unexpected absenteeism through giving 
precautions to workers at the time of hiring (Memarian & Mitropoulos 2012). 
Thus, they knew that any absenteeism without a strong reason would result in 
firing from work. In case of equipment breakage, having an alternative 
method which has been considered during preplanning phase plays a critical 
role to minimize the impact. However, none of the foremen in this study had 
a strong backup plan for the equipment breakage. Unexpected delivery of 
material was one of the frequent issues that both foremen experienced. This 
would be result of miscommunication and lack of coordination between 
  148 
office and foremen. A clear schedule of material delivery and communicating 
with foreman before delivering material to the site can minimize 
interruptions in the field work process.    
 Lack of coordination between trades can be a result of miscommunication. 
An example of this issue was frequent situations that crew A had with the 
mechanical contractor due to missing or wrong marking of penetrations. This 
situation would affect roofers’ work in different ways: (1) it causes out-of-
sequence work which interrupts roofing crew’s current activity and directly 
affects their production to split workforce to perform at different work areas, 
(2) it affects the quality of roofing work, because after making holes by 
hand-saw roofers must cover and seal holes by plastic cement or in some 
cases they need even to use patches which increases risk of water leakage, 
and (3) frequent out-of-sequence work increases frustration among workers. 
In crew A, due to foreman’s lack of English skill, he assigned a roofer as a 
liaison to communicate with the mechanical contractor. This practice would 
have some drawbacks: (1) it takes longer time to reach consensus between 
parties, (2) it affects the purity of information transferred, because there may 
be some misunderstanding in issues discussed and transferred by the worker 
to foreman.  
From a task demand perspective, unexpected situations contribute to mental and 
temporal task demands of workers as well as foreman. When a foreman faces an 
unexpected situation it increases his mental load to deviate from his normal work process 
and rearrange the work. Since in most cases such situations are not overseen during 
planning phase, the original schedule does not accommodate the time overrun which may 
incur due to unexpected situations. Thus, frequency of unexpected situations increases 
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time pressure on foreman and his work crew to meet the original deadline. Furthermore, 
frequency of unexpected situations and consequent out-of-sequence work increases 
workers’ mental load and frustration. Because, any time workers interrupt their current 
task and switch to a new one, they need some time to get back to their normal pace. 
Moreover, they need to utilize their cognitive resources to think about a new task and 
perform it. Thus, as learned from concrete case studies, increased frequency of out-of-
sequence work and interruption directly increase workers’ frustration.  
Assertiveness; A preventive Approach 
Foreman B considered the low quality of material delivered to the site as an 
unexpected situation. Controlling quality of materials before using them and returning 
low quality materials to the shop was an effective practice that foreman B applied in his 
work. This practice would contribute to the quality of work by stopping defective 
materials flowing into the production line. Even though not using low quality materials 
would cause some delays in work, foreman’s assertiveness would prevent potential 
rework and impacts on the crew’s performance.  Moreover, this attitude and an effective 
communication with office can minimize frequency of such situations. This strong 
attitude and assertiveness were not seen in foreman A. 
Professionalism & High Resolution Observation 
The main concern in roofing construction is water leakage. In hot asphalt roofing, 
several layers of membrane with sufficient end and side laps are considered to minimize 
the risk of water leakage. However, the quality of water proofing of roofing directly 
depends on the quality of installation. In order to install a high quality roofing system, 
two major practices seemed to be critical: (1) identification of high risk points and 
potential errors, with regards to safety and quality and (2) assigning competent workers to 
perform the tasks with high quality expectations.  
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To minimize the quality issues and avoid rework, both foremen relied on 
competency and professionalism of their workers. With regards to task demands, 
frequency in measurement and accuracy in cutting and installation around water drains 
increase workers’ mental demand accompanied with the time pressure. The mopping 
activity would be the most demanding task because it has high physical demand due to 
working with hot tar and sticky mop; it has high mental demand to carefully mopping the 
surface and around penetrations while must be careful not splashing hot tar on the other 
workers, and it is done under time pressure to do it as quick as possible before hot tar 
sets.  In order to meet the level of task demands, a worker with high capability 
(competency) is needed to be assigned to these tasks. To address this issue both foremen 
assigned their seconds, as the most competent member, to perform tasks with high quality 
expectations like working around water drains and mopping. Moreover, in crew B, where 
they had more complexities like having pipes next to the drains, the foreman installed the 
cap sheets around drains.  
In hot asphalt roofing operation, unlike other types of roofing, the quality control 
methods like taking core samples to test the quality of roofing layers are not applicable. 
Typically, in hot asphalt roofing, the quality control is done through close observations 
and it is heavily dependent on the competency of the observer. With regards to human 
limitations, the observer may not be able to catch all errors. Moreover, since each layer is 
completely covered by the next one, there will not be any chance to check the quality of 
lower layers, thus the quality control must be done concurrent to installation activities. 
This requires constant presence of the observer at the time of installation. This approach, 
to a large extent, was practiced by both foremen and they maintained their close 
observation throughout the installation activities.  
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Teamwork in Work Crews  
 In this section the elements of successful teamwork in both crews are discussed. 
Moreover, the differences between crews in terms of team setting and teamwork are 
compared.  
 Team tenure. Crew A was an un-established crew with only two members 
with team tenure of 2-3 years and the rest of the crew members were new to 
the crew whereas in crew B all the crew members had team tenure of seven 
to 11 years. They had two new members who just stayed for a week and then 
quit without any notice. 
 Family rules vs. work rules. At the first glance, crew B seemed more like a 
family crew compared to crew A, which was a group of workers gathered in 
a crew to work on a specific project. In crew B, as foreman said, they were 
like family members who were working together for long time and moving 
together to different projects, and the rules were not as strict as it is 
construction work crew.   
 Multi-tasking. Overall, crew A seemed to have horizontal distribution of 
tasks and everybody was almost at same level in the crew. There was not any 
LABORER title in crew A, and every task was everybody’s responsibility. In 
crew B the hierarchy of roles was more evident, especially for the new 
employees who were just involved in support tasks and housekeeping.   
 Role setting. Clearly specified roles during an operation would minimize 
confusion and conflicts among workers, and eventually contributes to crew’s 
success. In hot asphalt roofing, tasks are tightly interrelated and completion 
of each task is directly dependent on the completion of the previous task. A 
hot asphalt roofing crew can be resembled to a basketball team that has 30 
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seconds to successfully passing, carrying, and shooting the ball to the basket. 
Thus, knowing the role and position of each team player is critical in a 
successful cycle. In both crews, roles were clearly specified during each 
activity. However, in crew A everybody had chance to serve in different 
roles (mopper, flopper…), but it was specified before starting the task would 
do what. In crew B, roles were to a large extent constant and only when the 
foreman was joining the physical work, the roles would change.  
 New member acceptance. In crew A, other than two members, the rest of 
the workers were new. This characteristic of the crew would make it more 
convenient for the new employees to adapt to their new work environment 
because: (1) everybody in the crew had similar situation and they would not 
feel they were strangers in the crew and (2) they were serving similar roles 
and there was no distinct difference between them. From a teamwork 
perspective, this characteristic of crew A would contribute to the situational 
awareness among workers, since they participated in different activities and 
had a chance to understand the requirements and difficulties of tasks. 
Moreover, it would increase crew’s flexibility to transfer workers to different 
tasks.  
 New employees. Compared to crew A, it seemed more difficult for the newly 
hired employees to work in crew B because: (1) they were like strangers in a 
family which would take longer time to understand their norms and rules and 
(2) there was an obvious hierarchy of roles and tasks, which would set new 
comers aside from the rest of the crew. However, this issue is more related to 
psychosocial demand which is out of scope of this study.  
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 Team training. As the team leader, foreman is responsible to provide a 
complete and clear instruction for his workers to perform their assigned 
tasks. In crew A, according to the short team-tenure of workers the foreman 
was supposed to train them and then use them for his work. He provided his 
workers with opportunities to learn new tasks and grow. This practice 
contributed to capability of whole crew and strengthened foreman’s 
workforce to meet project requirements. Therefore, after a short while 
everybody was able to perform almost all tasks in this crew, regardless they 
were new or experienced workers in the crew. Although this is considered as 
a strong capability for foreman A, in the projects with a tight schedule and 
high quality expectations this may not be applicable due to time constraints. 
In crew B, according to workers’ experience and team tenure, the foreman 
did not need to teach and train them. Thus, foreman B could save his time for 
other tasks and responsibilities rather than teaching workers.  
 Situational Awareness, Mutual Performance Monitoring & Back up 
Behaviors. These three characteristics of a team are closely interconnected. 
A strong situational awareness and mutual performance monitoring are 
necessary but not enough for the success of a team. These two factors would 
contribute to performance of the team when they are followed by an effective 
back up behavior, which is a result of willingness to help. In this study, both 
crews showed a high level of situational awareness, close mutual 
performance monitoring and an effective back up behavior. In crew A, this 
characteristic would be attributed to multi-tasking and opportunity given to 
all workers to participate in different activities, which increased workers’ 
understanding of the work difficulties and requirements. In crew A, roofers 
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showed an effective mutual performance monitoring and willingness to help 
(back up behavior), especially in mopping task when they were present to 
quickly pass the mop to each other to cover areas, which were not accessible 
from one side. This practice indicated a good understanding of the task 
requirements (speed) and obstacles on the mopper’s way. Moreover, they 
were present at right time and right place to back up the mopper. These 
characteristics of crew A is directly attributed to the foreman’s expertise in 
implementing teamwork in his crew and creating an in-depth understanding 
of the work process among his workers. The short team-tenure (less than 
three months) would highlight the effectiveness of foreman’s practice of 
successfully implementing teamwork in his crew of new workers. In crew B, 
the successful teamwork would be mainly attributed to the team tenure, 
which increased workers’ awareness of each other’s strengths and 
weaknesses and a deep understanding of the work process.   
Interview with General Superintendent; Validate the Findings 
Although this study was an exploratory study and employed qualitative research 
methodology, to increase the reliability of findings the Auditing method was used for 
validation purpose. In this method the findings are reviewed and assessed by experts in 
the topic area. To do so, the general superintendent and the safety director of the 
company were interviewed to compare the overall performance of the two foremen. The 
general superintendent is in charge of evaluating foremen’s performance and assigning 
foremen to different projects according to their capabilities and competencies. The safety 
director is responsible for the safety policies, training, and overall safety plan of the 
company who assesses the foremen’s safety performance. The general superintendent 
assessed the performance of foreman A 8 out of 10. Although he is a successful foreman, 
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he still manages project with lower level of difficulty and complexity. This assessment 
was consistent with the findings of the work practices performance assessment method. 
The safety director assessed both foremen 10 in terms of safety performance.  
SUMMARY & CONCLUSION 
This case study explored the project attributes and task demand factors of two hot 
asphalt roofing projects and then examined the production practices of two foremen. One 
foreman was an exceptional one and the other was a good roofing foreman. Both cases 
were selected from the same company. 
Examination of production practices was done in continuous process. Some 
practices which were identified through the previous case studies of masonry and 
concrete construction were examined in the first roofing case. Then, the newly explored 
practices along with the previously ones were examined in the second roofing case.   
The qualitative analysis of the hot asphalt roofing activities identified the major 
characteristics of this operation as: 
 It is cyclic and activities are repeated in short cycles. 
 Tasks are tightly interconnected and are highly dependent on each other’s 
completion and quality. 
 Due to constant exposure to sun and adverse climatic conditions hot asphalt 
roofing is physically demanding trade.  
 It is done under time pressure to avoid setting hot tar 
 Operation is highly sensitive to climatic conditions 
 High quality expectations – difficult to check quality after finishing the work 
 Requires concurrent installation and quality check. 
The main sources of task demands from the workers’ perspective was identified 
as: (1) heat from sun and the fresh roof, (2) lifting and handling heavy rolls and tar 
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buckets, (3) rushing to lay materials before hot tar sets, (4) safety while working on the 
roof and at leading edge, and (5) measuring and cutting around pipes, penetrations, and 
ACs.  
According to findings of foremen’ production practices, the success of the hot 
asphalt roofing operation would be attributed to:  
 High quality assignment. Providing all task requirements before starting the 
task minimized interruptions during task performance.  
 Creating & maintaining sufficient capacity.  Having a stable work crew, 
effective workforce training, and having floating resources would contribute 
to create and maintain sufficient capacity in the crew to meet project goals.   
 Matching task demands with workers’ capability. This practice requires; 
first, a good understanding of task demands and workers’ capabilities, and 
second, matching task demands with workers’ capabilities in task 
assignments to minimize the likelihood of error. From a human factors 
perspective, this practice would serve as an error management system.    
  Teamwork as a control mechanism. In hot asphalt roofing with tightly 
interconnected tasks, a strong teamwork can play the role of a control 
mechanism to catch errors immediately, avoid conflicts, improve safety 
performance, and balance resources wherever it is needed to maintain or 
accelerate work pace. Teamwork elements including situational awareness, 
leadership, role setting, mutual performance monitoring, and back up 
behaviors contributed to the success of work crews.    
 Proactivity & resiliency. Identifying the potential external and internal 
disturbances before starting the work and having effective back up plans to 
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adapt to unexpected work situations would minimize interruptions in work 
process.  
Besides effective practices identified in this study, some weaknesses associated 
with foremen’s work practices were noticed as well. The foreman’s language barrier was 
one of the most important factors that would impact the quality of inter and intra-crew 
communication and coordination. 
A loose crew policy was another weakness that would affect the stability of the 
work crews. Even though longer team tenure would increase team cohesion and create a 
stronger understanding between crew members, having a strong crew policy seems 
critical.  
LIMITATIONS & SUGGESTIONS FOR FUTURE RESEARCH 
   Findings of this case study are limited to studies of two roofing crews. In order to 
increase the reliability and generalizability of findings, further case studies are required. 
However, the presented study has provided a good basis for the future attempts and 
comparisons of findings. Future case studies should first examine the practices explored 
in this study to saturate data and second try to explore new effective production practices. 
Moreover, future cases should focus on analysis of the other roofing methods such as 
single ply, sheet metal roofing, etc. and then cross-examine the findings.  
Analysis of the work-related accidents and injuries will be another research 
direction to identify the group of roofing workers (roofers, apprentices, labor…) the 
roofing tasks with higher risk of accidents and injuries. However, access to accident 
information still remains as another challenge for the researchers.  
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Chapter 7 
CONCLUSION  
This chapter has three major sections. First, it aggregates the production practices 
of crew supervisors explored through the case studies of masonry, concrete, and roofing 
construction. These practices are summarized and presented in nine major categories. 
This study hypothesizes that these practices collectively contribute to creation of a high 
reliability construction work system. Second, the chapter provides a discussion on 
implication of findings and contributions to research and practice. Finally, the chapter 
suggests directions for future research.  
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SUMMARY OF PRODUCTION PRACTICES 
Preplanning 
 Preplanning includes the steps that crew supervisors take before starting the 
execution phase to minimize interruptions during the execution phase and create a 
smooth work process. Table 15 presents the summary of practices and steps taken by 
successful crew supervisors during the preplanning phase.  
Table 15 
Preplanning Practices 
Preplanning 
1 Work organization and priorities 
2 Execution method selection (if applicable) 
3 Identify & address high-risk activities (safety, productivity, & quality) 
4 Identify & address work complexities & complications 
5 Understand site condition – access/egress, space availability, hazards ... 
6 Other trades on the site / coordination plan 
7 Identify resources shared by other trades (space, material, equipment…) 
8 Storage availability & location 
9 Tools/ material/equipment availability 
10 Back up tools & equipment 
11 Material ordering plan 
12 Material buffer 
13 Reserved equipment operator 
14 Identify & exploit critical resources (bottle necks) 
15 Workforce requirements (quality & quantity) 
16 Proactivity (disturbances, other trades, unexpected situations…) 
 
Method Selection 
 The execution method selection can be a part of the preplanning practices. 
However, in some projects the execution methods are selected by upper level 
management and are given to crew supervisors to execute the work. Thus, crew 
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supervisors, to some extent, may not have control over the method selection. Table 16 
summarizes several practices used by successful crew supervisors in selection methods 
when they had freedom to do so.  
Table 16 
Execution Method Selection Practices 
Method Selection 
1 Understand project demands (determinant factors: speed, quality…) 
2 Align methods employed with project demands 
3 Simplify tasks 
4 Reduce complexities (waste elimination) 
 
Workforce Management 
 In order to successfully meet the project goals, it is critical to effectively manage 
and utilize the available workforces. Table 17 presents the practices used by crew 
supervisors to manage workforce on the jobsites. 
 Table 17 
Workforce Management Practices 
Workforce Management 
1 Workforce aligned with project requirements (skillset, experience…) 
2 Stable work crew – low turnover, absenteeism… 
4 Minimize & address work-related conflicts between workers 
5 New employees’ training (mentorship, orientation…) 
6 New employees’ task assignment (shielding new employees) 
7 Effective training & instruction (visualized, mockups…) 
8 Frequent safety trainings & instructions 
9 Understand and address workers’ personal concerns 
 
Intra-crew Policies 
 These policies are to stabilize the work crews throughout project life. In another 
word, when the crew supervisors create sufficient capacity in the crew to meet project 
  161 
goals, they need to maintain this capacity to stabilize the workflow as planned. Table 18 
presents policies applied by crew supervisors.  
Table 18 
Crew Policies 
Crew Policies 
1 Absenteeism policy / in advance notices, warnings, and firing. 
2 Workers’ unacceptable behaviors (unprofessional, unsafe…) 
 
Supervision 
 High quality of supervision is required to ensure that the project moves as 
planned, and it meets quality, safety, and production requirements. Table 19 summarizes 
the supervision practices used by different field supervisors.  
Table 19 
Supervision Practices 
Supervision 
1 Presence at work areas  
2 Frequent checks 
3 Providing instruction/feedback at right time 
4 Minimized number of work areas (number of sub-crews) 
5 Monitoring critical activities 
6 Communicating work plan effectively with crew 
7 Clear role setting in the crew  
8 Effective coordination with other trades 
9 Assertiveness in communication & orders 
10 Consistency in communication & orders 
11 Having a leader for each sub-crew 
12 Predicting potential unexpected situations  
13 Shift priorities to overcome unexpected situations (resiliency)  
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Task Distribution 
 It is one the most important responsibilities of crew supervisors to understand 
work requirements and workers’ capability and to assign tasks accordingly to secure 
performance outcome. Table 20 presents practices used by successful crew supervisors. 
Table 20 
Task Distribution Practices 
Task Distribution 
1 Understanding of difficult/high-risk activities 
2 Controlling high-risk activities 
3 Prioritize activities 
4 Match resources with task requirements 
5 Match task demands with workers’ capability 
6 Task rotation/Opportunity to grow  
 
Onsite Material Management 
 In order to create and maintain the workflow as planned, it is vital to maintain a 
steady flow of material to the work areas. Table 21 summarizes practices used by 
successful crew supervisors.  
Table 21 
Onsite Material Management Practices 
Onsite Material Management 
1 Adjust hauling distance as project progresses  
2 Accurate quantity (stacks) to load 
3 Shared equipment schedule (crane, forklift…) – time allocated to each trade 
4 Loading & stacking plan (predefined) – quantity, location, and time. 
5 Minimize material relocation (waste reduction) 
 
Quality Control & Error Management 
 One of the most critical steps in the success of construction projects is to 
minimize the likelihood of errors and the consequent rework and/or mitigate the impact if 
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error occurred. This would contribute both to minimize the risk of cost and time overrun 
and to minimize workers’ exposure to safety hazards when redoing their task. Table 22 
presents a summary of quality control and error management practices used by successful 
crew supervisors.  
Table 22 
Quality Control & Error Management Practices 
Quality Control & Error Management  
 
1 Identify & control critical points with low tolerance for errors 
2 Implement quality control checklist 
3 Tasks pre-quality check (quality of assignment) 
4 Avid rushing / move slower but do it right the first time 
5 Catch errors upstream/ Start quality control before task starts  
6 Frequent check points (agents) 
7 Minimize number of work areas (number of sub-crews) 
8 Work area quality control  
9 Use correct material 
10 Material quality control (before using material & after using) 
11 Tools/equipment frequent quality control & maintenance 
12 Housekeeping 
 
Safety Management 
 An exceptionally safe work is one of the characteristics of high reliability work 
systems. In order to create a safe work environment, different crew supervisors may use 
different approaches. These approaches include enforcement of the general safety rules 
and supervisors’ specific practices and strategies to create and maintain an exceptionally 
safe work system. Table 23 presents the safety practices and strategies of different crew 
supervisors explored in this study.   
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Table 23 
Safety Practices & Strategies 
 Safety Practices & Strategies  
 
1 Quality of site safety (openings, leading edge...) 
2 Frequency of safety checks 
3 Minimize exposure to hazards (heat-fall …) 
4 Minimize manual material handling (use more mechanical equipment) 
5 Monitor workers’ safety equipment (PPE, fall protection…) 
6 Control workers’ unsafe & unprofessional behaviors  
7 Quality & frequency of safety instructions/meetings (task and site specific) 
8 Monitor workers’ wellness 
9 Have workers cross check each other’s wellness (mutual monitoring) 
 
IMPLICATION OF FINDINGS  
 Using case studies and grounded theory methodology, this dissertation intended 
to develop a model of high reliability construction work systems based on the lessons 
learned from the production practices of high performance work crews in real world 
operations.  
Findings of this dissertation have significant contribution to both construction 
practice and research. First, it created an in-depth understanding of the operation of three 
different construction trades including masonry, concrete, and hot asphalt roofing 
construction. The study presented task characteristics; tool and equipment, execution 
methods, and materials used in each trade and analyzed the contribution of each work 
element to the workers’ task demands and overall performance. Second, the study 
presented the structure of work crews in these three trades, crew arrangements, roles, and 
responsibilities. With regards to safety, productivity, and work quality, the study 
summarized and presented the project attributes that increased workers’ task demands 
and affected their performance.  
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 At the next step, the study analyzed and documented the work practices of 
different crew supervisors in three construction trades. Comparing production practices 
of different crew supervisors, the study created an in-depth understanding of how 
different practices contributed to creation of high reliability work systems.  
 This dissertation has two major contributions to the construction practice. First, 
with regards to safety, productivity, and quality, it enables construction practitioners to 
proactively plan for their future projects. These findings help construction practitioners 
identify the critical points and difficulties of their operations and place more effective 
control systems. These controls are to minimize the likelihood of errors, mitigate the 
impact of errors on the whole system, reduce interruptions, and create smoother work 
process to meet project requirements and overcome demands. Second, the construction 
managers can take advantage of findings of this study to assess performance of their crew 
supervisors from the preplanning phase to the final stage and train them accordingly 
based on the lessons learned from the production practices of high performance work 
crews.  
 This study made significant contribution to the construction research. The 
methodology developed in this dissertation is a triangulation of methods employed in the 
Qualitative Comparative Analysis that enables construction researchers to perform an in-
depth analysis of practices and qualitatively compare the findings.  
LIMITATIONS & SUGGESTION FOR FUTURE RESEACH 
This study was an exploratory study on task demands and production practices of 
high performance crews to create a high reliability work system. Findings of this study 
are limited to a few case studies of three construction trades. Further case studies and 
comparative analysis of findings are still needed to create a more comprehensive model 
of “High Reliability Work Systems.” There are other high-risk trades including steel 
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construction (iron workers), electrical and mechanical, and other types of roofing 
construction that need to be studied. However, findings of this study created a good basis 
for future research and comparison. The production practices and task factors explored in 
this study can be hypothesized for future comparative studies and analysis.  Moreover, 
collecting numerical data and employing quantitative data analysis methods would be 
another step to increase validity and reliability of future efforts and findings.  
This study was heavily dependent on the participation and collaboration of 
construction companies. The author faced several challenges and limitations in 
conducting this study. First, to assess the performance of the crew supervisors and select 
the exceptional ones, it was needed to review the crew supervisors’ safety, productivity, 
and quality performance records over the past few years. Due to privacy protection and 
business considerations, access to these pieces of information was a timely and 
complicated process and sometimes impossible. Second, in some cases, since the projects 
had high level of confidentiality or the owners of the projects did not approve observation 
and scrutinizing their projects, the author was not granted access to the site.  Third, 
although the author identified the exceptional crew supervisor in some companies, since 
the crew was working out of the state of Arizona, the case was dropped. Finally, 
conducting field studies and communicating with the crew supervisors and workers who 
were not able to speak English was another challenge for the author during the data 
collection phase.  
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